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ON  THE  PRIMAR^^JilitflftlAR  DILATATION  IN 
ACUTE  INFLAMMATION.  By  Francis  Darwin, 
M.R,  Cantab} 

Thjb  work  of  which  I  shall  give  an  account  was  mainly  con- 
ducted in  the  Laboratory  of  the  Brown  Institution,  under  the 
supervision  of  Dr  Klein,  to  whose  kind  assistance  I  am  much 
indebted*  As  I  venture  to  bring  forward  a  view  which  is 
opposed  to  that  of  Dr  Cohnheim,  I  think  it  will  be  necessary  to 
begin  with  a  short  account  of  his  experimental  work  and  the 
conclusions  he  draws  from  it. 

He  has^  as  is  well  known,  studied  the  inflammatory  process  by 
observing  the  effects  of  injury  on  various  organs  which  are  sufficiently 
transparent  to  allow  the  changes  which  occur  to  be  viewed  by  trans- 
mitted light.  The  experiment  which  now  goes  by  his  name  consists 
in  spreading  out  the  tongue  of  a  curaiised  frog  on  a  plate  of  glass, 
which  at  the  same  time  supports  the  animal  lying  on  its  belly ;  the 
glass  plate  is  then  fastened  to  the  stage  of  the  microscope  and  the 
outspread  tongue  brought  into  view.  The  tongue  is  then  pinched,  or 
irritated  in  some  way,  and  the  effect  on  the  vessels  is  directly  observed. 
Dr  Cohnheim  has  in  this  way  studied  the  inflammatory  process  in 
the  web  of  the  frog's  foot,  and  in  the  frog's  mesentery,  l^e  cornea 
and  the  membrana  nictitans  of  the  frog  and  the  ear  of  the  rabbit 
were  also  <4iserved  by  him  with  reflected  light. 

The  following'  is  his  account  of  an  acute  circumscribed  inflamma- 
tion induced  by  cauterizing  the  tongue  of  the  frog  (R.  eacuUrUa)  with 
a  small  crystal  of  nitrate  of  silver.  The  first  thing  that  happens  is 
the  rapid  dilatation  of  the  arteries  in  the  neighbourhood,  and  this  is 
quickly  followed  by  the  dilatation  of  the  veins,  so  that  the  cauterized 
place  is  soon  surrounded  by  a  zone  of  hypereemia.     At  the  same 

^  The  ehief  part  of  the  present  paper  was  presented  as  a  Thesis  for  the 
degree  of  M.B. 

'  Heut  Untemiehtmgen  Uher  die  EntzUndung*  Dr  Jolins  Cohnheim,  Berlin, 
1878,  p.  12. 
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time  the  current  in  the  vesselfl  of  this  zone  inoreases  greatly  in 
velocity.  It  may  be  seen  that  the  quickening  of  the  circulation  is  a 
purely  local  effect  by  comparing  the  hypenemic  region  with  other 
parts  of  the  tongue  where  the  blood-stream  will  be  found  to  be  of 
normal  Telocity.  This  state  of  things  is  not  of  long  continuance. 
The  arterial  and  subsequently  the  venous  current  begin  to  get  slow  at 
the  cauterized  place,  and  ultimately  stop  altogether.  We  have  there- 
fore at  the  spot  where  the  cautery  actually  took  effect  a  small  region 
of  complete  stasis,  surrounded  by  a  region  in  which  the  blood-stream 
is  flowing  quickly  through  dilated-  vessels.  After  a  time  the  dilated 
arteries  in  the  more  peripheral  parts  of  this  hypenemic  zone  begin  to 
contract  and  the  current  l^ecomes  slower,  and  ultimately  both  the 
velocity  of  the  circulation  and  the  calibre  of  the  vessels  return  to  the 
normal.  The  venous  current  necessarily  becomes  slower,  depending 
as  it  does  on  the  supply  of  blood  from  the  arteries.  The  dilated  veins 
do  not  begin  to  contract  till  after  the  arteries,  but  they  also  at  last 
regain  their  normal  condition.  Between  the  region  of  complete 
stasis,  and  the  peripheral  zone  where  the  vessels  have  recovered  and 
are  practically  as  they  were  at  first,  there  is  a  zone  of  vessels  which 
have  not  recovered — ^which  have  not  contracted — but  remain  per- 
manently dilated.  And  it  is  of  importance  to  note,  that  in  these 
permanently  dUated  vessels  the  velocity  of  the  current  instead  of 
being  above  the  normal  as  it  was  at  first,  has  now  fallen  below  it. 

The  process  of  extravasation  npw  commences.  This  does  not  affect 
the  arteries,  only  the  capillaries  and  veins.  It  is  chiefly  the  coloured 
corpuscles  which  leave  the  capillaries  (diapedesis)  while  only  colour- 
less ones  **  emigrate  "  through  the  walls  of  the  veins.  In  the  latter 
the  process  is  preceded  by  the  phenomenon  known  as  ''adhesion." 
The  colourless  famosboid)  corpuscles  begin  one  by  one  to  stick  to  the 
walls  till  the  whole  inner  surface  of  the  veins  is  coated  with  them. 
The  same  process  takes  place  in  the  arteries,  but,  as  before  remarked, 
it  never  passes  into  the  stage  of  emigration.  Besides  the  emigration 
and  "  diapedesitt ''  of  the  formed  elements,  there  is  a  considerable 
extravasation  of  the  liquid  part  of  the  blood.  So  that  the  lymphatic 
sack  at  the  base  of  the  tongue  becomes  filled  with  fluid  and  with 
corpuscles.  This  short  account  is,  I  believe,  a  fair  abstract  of  Dr 
Cohnheim's  account  of  acute  inflammation ;  and  I  have  observed  for 
my  own  satisfaction  all  the  chief  phenomena  of  the  series. 

Dr  Gohnheim  believes  the  dilatation  which  comes  on  in  the 
arteries  directly  after  the  implication  of  an  irritant  to  be  due  to  the 
paralysis  of  the  muscles  in  the  vascular  walls,  and  that  this  loss  of 
power  is  the  direct  effect  of  the  injury  on  the  tissues  of  the  muscular 
coat  He  does  not  believe  this  temporary  paralysis  to  be  an  essential 
part  of  the  true  process  of  inflammation,  but  merely  an  incidental 
accompaniment  of  the  injury  inflicted.  The  subsequent  changes 
which  the  injury  produces,  viz.  the  permafient  dilcUcUion,  the  slowing 
of  the  current  and  the  adhesion  and  emigration  of  corpuscles,  consti- 
tute, according  to  his  views,  the  true  process  of  inflammation.  He 
insists  especially  that  they  are  caused  by,  so  to  speak,  chemical 
changes  which  the  irritation  brings  on  in  the  walls  of  the  vessels. 
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He  lemarks  that  in  the  conditioii  of  prixnaiy  dilatation  we  have 
a  rapid  current  flowing  through  dilated  arteries,  and  sinCe  in  the 
state  of  permanent  dilatation  the  current  becomes  slow  although  no 
alteration  has  taken  place  in  the  calibre  of  the  YeeselSy  the  diminution 
or  Telocity  of  the  arterial  current  can  only  be  accounted  for  by 
aasuming  that  some  alteration  has  taken  place  in  the  walls  of  the 
TCBsel.  He  also  remarks  that  the  passage  of  formed  elements  into 
Hie  surrounding  tissues  shows  a  loss  of  physiological  integrity  which 
can  only  be  due  to  some  quasi-chemical  change  in  the  vascular  coats. 
Would  it  not,  he  asks,  be  a  remarkable  thing  if  an  irritant  such  as 
nitrate  of  silver  did  not  produce  some  alteration  in  such  a  structure 
as  the  wall  of  an  artery? 

Dr  Oohnheim  appears  to  believe  (if  I  do  not  misinterpret  him) 
that  if  his  theory  be  not  acc^ted  the  only  conceivable  one  is,  that 
the  dilatation  of  the  vessels  is  due  to  central  reflex  action.  Against 
any  explanation  of  the  phenomena  by  reflex  action,  he  brings  several 
objections.  The  most  important  of  these  is  embodied  in  die  result 
of  the  following  experiment.  The  central  nervous  system  of  a  frog 
ia  destroyed,  or  else  the  tongue  is  divided  in  such  a  way  that  it  is 
only  attached  to  the  body  by  the  lingual  arteries  and  veins ;  he  then 
repeats  the  experiment  of  irritating  the  tongue,  and  finds  that  the 
results  are  identical  with  those  obtained  with  a  normal  tongua  His 
»i|^nmait  is,  that  the  central  nervous  system  being  destroyed  (or  cut 
pS  froqi  communication  with  the  tongue),  the  only  reflex  action  that 
could  take  place  would  be  from  peripheral  vaso-motor  ganglia  situated 
in  the  tongue  itself.  And  this,  he  concludes,  is  impossible,  because 
no  ganglia  have  been  found  in  the  tongue,  and  because  no  peripheral 
reflex  action  is  known  to  occur  anywhere. 

It  does  not  appear  to  me  that  all  conceivable  opposition  is 
destroyed  by  the  above  experiment.  I  shall  endeavour  to  show 
that  the  primary  arterial  dilatation  which  is  accompanied  by 
quickened  circulation  is  due  to  some  kind  of  nervous  ax^ivity^ 
and  not,  as  Dr  Cohnheim  believes^  to  the  direct  effect  of  the 
irritant  on  the  muscular  coat  of  the  arteries. 

Paralysis  may  be  due  either  to  a  lesion  of  the  muscular  tissue 
itself  as  in  progressive  musciilar  atrophy  \  or  it  may  be  due  to  a  loss 
of  nerve-power,  as  in  the  paralysis  of  the  lower  extremities  resulting 
from  injuries  to  the  spimd  cord.  Since  Dr  Oohnheim  denies  the 
existence  of  local  vaao-motor  ganglia,  and  leaves  out  of  considera- 
tion the  peripheral  terminations  of  the  vaso-motor  nerves,  he  is  forced 
to  assume  that  the  dilatation  produced  by  local  irritation  is  due  solely 
to  the  direct  effect  of  the  irritant  on  the  muaeulwr  tissue  contained  in 
the  walls  of  the  vessels. 

When  an  irritant  is  applied  to  a  curarised  frog's  tongue  it 

^  Niemeyer's  Text-Bool^  of  Practical  Medicine  (American  Trans.),  Vol.  n. 
p.  519. 
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must  act  both  on  the  intrinsic  muscles  of  the  organ  and  on  the 
arteries  contained  in  it.  As  is  well  known,  curare  paralyses  the 
peripheral  terminations  of  the  ordinary  motor  nerves,  but  not 
those  of  the  vaso-motor  nwves;  therefore  any  effect  the  irritant 
may  produce  on  the  intrinsic  muscles  of  the  tongue  must  be  wholly 
due  to  its  direct  effect  on  the  muscular  tissue  itself.  This  how- 
ever is  not  necessarily  the  case  with  the  arteries,  since  the  irritant 
may  primarily  affect  the  vaso-motor  nerves,  and  through  their 
peripheral  terminations  may  act  on  the  muscular  coat  of  the 
vessels.  But  according  to  Dr  Cohnheim's  views  an  irritant  pro- 
duces its  results  by  its  direct  effect  on  the  muscular  coat  of  an 
artery;  if  this  is  so  we  have  in  a  curarised  frog's  tongue  an 
irritant  acting  directly  on  the  striped  muscle  of  the  tongue,  and 
directly  on  the  unstriped  muscle  of  the  arteries,  and  we  may 
expect  that  similar  results  will  follow  in  the  two  casea  But 
this  is  not  the  case,  for  although  irritation  of  the  tongue  pro- 
duces  dilatation  of  the  arteries,  it  produces  contraction  (as  I 
have  often  observed)  in  the  intrinsic  muscles  of  the  tongue. 
Yet  Dr  Cohnheim  uses  this  very  example  of  the  effects  of  irri- 
tation on  the  muscular  tissue  of  the  tongue  to  illustrate  his 

theory  of  paralytic  dilatation.     He  says  {  Op,  cit,  p.  26)  " as 

the  muscular  twitchings  (muskelzuckungen)  which  make  their 
appearance  on  pinching  or  irritating  a  part  of  the  tongue,  after 
a  time  subside,  so  also  the  vessels  and  their  muscles  gradually 
recover  from  the  effect  of  a  sudden  pinch/' 

If  an  irritant  acts  directly  and  solely  on  the  muscles  of  the 
arterial  walls,  it  ought  to  produce  the  same  effect  in  whatever 
part  of  the  body  the  arteiy  acted  on  may  be  situated.  At  any 
rate  in  superficial  organs  like  the  tongue  and  the  membrana 
nictitans,  arteries  considered  merely  as  muscular  tubes  ought  to 
behave  in  the  same  way  under  similar  circumstances.  Yet  Dr 
Cohnheim  says  that  in  the  membrana  nictitans  the  primary 
dilatation  is  absent,  while  in  the  tongue  it  is  weU  marked.  It 
appears  that  in  the  membrana  nictitans  the  arteries  dilate 
after  an  interval  of  some  hours,  and  this  corresponds  to  the 
permanent  dilatation  in  the  vessels  of  the  tongue,  and  marks  the 
commencement,  according  to  Dr  Cohnheim,  of  the  inflammatoiy 
process.  Dr  Cohnheim  accordingly  concludes,  from  his  own 
experiments  and  those  of  others,  that  dilatation  is  the  universal 
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result  of  irritating  an  artery  ^  He  quotes  however  Saviotti^ 
who  states  that  ammonia  and  some  other  irritants  produce  con- 
traction of  the  arteries  in  the  frog's  foot ;  but  these  results  are 
neglected,  because  on  Saviotti's  own  admission  they  are  some- 
what variable,  and  because  Dr  Cohnheim  believes  that  researches 
for  which  the  more  tender  species  of  firog,  Rana  tempararia,  is 
employed,  are  not  trustworthy'. 

I  worked  with  Bana  iemporaria  before   I  was  aware  of 
Saviotti's  results,  and  I  can  certainly  confirm  his  assertion,  that 
-^  a  solution  of  ammonia  applied  to  the  web  of  the  frog's  foot 

I  causes  contraction  of  the  arteries.     I  have  observed  the  phe- 

nomenon so  often  that  it  is  impossible  to  doubt  that  it  is  a 
genuine  one.  The  same  result  has  been  produced  by  scratching 
the  web  with  the  broken  end  of  a  capillary  pipette  and  by  cau- 
terising with  nitrate  of  silver.  The  contraction  is  so  intense  that 
the  arteries  fade  out  of  sight  and  complete  venous  stasis  super- 
Tenes  in  consequence  of  the  cessation  of  the  arterial  current  This 
condition  of  intense  contraction  has  been  observed  to  continue 
for  as  long  as  13  or  14  minutes;  as  the  artery  recovers  and  the 
current  returns,  it  dilates  up  to  or  sometimes  beyond  the  normal 
^  calibre.     A  curious  spasmodic  condition  is  sometimes  observed 

when  the  arteiy  is  recovering ;  the  intense  contraction  coming 
on  and  disappearing  again  rapidly  once  or  twice  before  the 
normal  tone  is  fully  re-established. 

An  interval  of  a  few  seconds  usually  intervenes  between 

^  The  following  obseirerB  have  recorded  the  fact  that  contraction  may  resnlt 
from  the  irritation  of  an  artery,  Mr  Lister  (PhiU  Tram.  1858,  both  papern),  Sir 
James  Paget  {Leeturet  on  Surgical  Pathology^,  Dr  Lionel  Beale  (Monthly  Micro- 
•copical  Journal,  tiii.  p.  58),  Mr  Wharton  Jones  (Quy*i  Hospital  Reporti,  1850, 
qnoted  in  Carpeoter's  Physiology), 

•  Virchow's  ArcK  L.  593. 

'  Saviotti  states  [loc,  cit,  p.  610)  that  if  the  sciatie  nerve  he  divided  no  con- 
traction can  afterwards  be  prodnced  by  local  Irritation  of  the  web.  This  is  qoite 
at  vaiianoe  with  Lister^s,  Gohnheim's  and  my  own  observations,  and  implies  that 
reflex  action  from  the  central  nervous  system  is  essential  to  the  proouction  of 
the  phenomena,  and  this  cannot  be^  maintained. 

Again,.  Saviotti's  statement  that  local  irritation  produces  slowing  of  the  car- 
rent  is  considered  by  Biegel  [Mediz.  Jakrbiieh.  1871,  p.  99)  to  be  at  variance  with 
his  own  observations.  £egcJ  finds  that  stimulation  of  a  sensory  nerve  always 
Xyrodnces  qnic^ning  of  the  current.  With  aU  due  deference  to  the  opinions  of 
Strieker  (see  Biegel,  note,  p.  102)  and  Burden  Sanderson  (Holmes'  System  of 
Surgery ,  v.  738),  I  believe  ^at  the  slowing  observed  by  Saviotti  was  merely 
the  mechanical  result  of  the  diminution  of  the  blood-supply  consequent  on  the 
diminished  arterial  calibre,  for  he  notices  that,  before  the  arteries  contract,  the 
current  is  quickened  {loc.  cit.  p.  595),  and  he  does  not  distinguish  very  dearly 
between  tha  velodtieB  of  the  arterial  and  venous  currents. 
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the  application  of  the  irritant  and  the  appearance  of  the  con- 
traction. On  several  occasions  I  have  distinctly  observed  a 
transitory  dilatation  preceding  the  contraction,  and  occupying 
the  short  interval  of  time  just  mentioned.  This  dilatation 
is  slight  and  is  not  a  constant  phenomenon,  for  I  have 
several  times  made  quite  sure  that  no  such  dilatation  preceded 
the  contraction  of  the  artery  under  observation.  The  variability 
of  Saviotti's  and  my  own  results  would  be  difficult  to  reconcile 
with  Dr  Cohnheim's  theory  of  paralytic  dilatation.  But  I  hope  to 
show  that  at  any  rate  this  slight  variability  in  my  own  results 
can  be  reconciled  with  another  theory. 

In  examining  into  the  cause  of  the  contraction  produced  by 
local  irritation  of  the  frog's  foot,  we  may  first  exclude  both 
centrai  reflea  action  and  the  eiSect  on  the  heart  of  irritating  a 
sensory  nerve,  because  the  phenomena  may  be  observed  after 
ike  division  of  the  aciatio  nerve  and  deetmcUon  of  ihe  spinal 
marrow. 

We  must  next  consider  whether  the  irritant  acts  directly  on 
the  muscular  coat  of  the  vessels  or  on  the  nerves  which  supply 
those  musclea  As  is  well  known,  curare  paralyses  the  peripheral 
terminations  of  the  motor  nerves,  but  has  no  such  effect  on  the 
vaso-motor  nerves;  there  is  therefore  no  d  priori  reason  for 
Bupposing  that  an  irritant  would  act  exclusively  on  the  muscular 
coat  and  not  also  on  the  nervous  mechanism  d  the  arteriea 
The  following  reasons  induce  me  to  believe  that  the  contraction 
is  in  great  measure  the  result  of  nerve-stimulation.  K  the 
sciatic  nerve  is  divided  and  the  peripherqil  extremity  irritated 
with  an  induced  current,  the  arteries  of  the  web  are  seen  to 
contract  This  contraction,  like  that  resulting  from  local  stimu- 
lation, is  preceded  by  a  short  pause  and  is  of  the  same  intense 
character,  causing  disappearance  of  the  arterial  current  and 
stasis  in  the  veins.  Now  it  is  obviously  unimportant  at  what 
point  we  divide  the  sciatic  nerve,  and  of  what  length  the  peri- 
pheral piece  may  be  to  which  the  irritation  is  applied^ ;  it  there* 
fore  seems  illogical  to  deny  the  possibility  that  the  ammonia 
placed  on  the  web  acts  primarily  on  the  peripheral  terminations 
of  the  vaso-motor  nerves,  the  stimulus  being  subsequently  con- 

^  Unimportant  at  least  as  far  as  the  intrinsio  nature  of  the  resnlt  is  ccmoemed, 
although  its  inttntity  may  be  altered  (Pfltlger)  quoted  in  Wundt's  PhiftiohgU, 
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veyed  to  the  ooisstrictor  muscles  in  the  arterial  walla.  ProfeaBor 
Maurice  Schiff*  considers  it  h%hly  probable  that  local  irritanta 
do  in  this  way  take  effect  on  the  peripheral  tenninations  of  the 
Yaso>motor  nerves.  This  one  fact,  that  local  irritation  may 
produce  (xmtrcustion,  makes  it  impossible  for  me  to  accept  Dr 
Gohnheim's  theory,  that  dilatation  when  produced  by  local  irri- 
tants is  the  result  of  the  direct  paralysis  of  the  arterial  walls'. 
He  tacitly  assumes  that  the  dilatation  <^'a  vessel  is  always  due 
to  simple  paralysis,  and  thus  neglects  the  theory  of  actipe  dUaUh 
Hon  ofve8seU\  This  theory  is  admirably  stated  and  upheld  by 
Schiff  {Op.  cit.,  Le9ons  11  and  12).  It  appears  that  CSlaude 
Bernard  and  Schiff  agree  in  affirming  the  existence  of  a  dilata- 
tion effected  in  some  way  by  the  activity  of  a  nerve.  Schiff 
supposes  that  some  hitherto  unknown  mechanism  comes  into 
play,  whereas  Bernard  assumes  the  existence  in  every  case  <^ 
looal  vaso-motor  ganglia^  and  believes  that  the  dilatation  is  the 
result  of  ^inhibition/'  As  an  example  of  inhibition  I  cannot 
do  better  than  quote  a  passage  from  Dr  Brunton's  paper  *'  On 
inhibition  peripheral  and-eentral  V  *'  Thus  the  blood-vessels  of 
the  penis  are  kept  in  a  state  of  moderate  contraction  by  the 
stimulus  which  the  vaso-motor  nerves  supply  to  their  muscular 
coat&  This  stimulus  is  derived  at  least  in  part  from  ganglia 
lying  close  to  the  vessels,  and  to  these  ganglia  proceed  certain 
nerves,  the  nervi  erigentea  which  arise  from  the  sacral  plexus. 
When  the  nerves  are  irritated  the  ganglia  cease  to  stimulate 
the  vascular  walls,  and  these  consequently  relax  and  yield  to 
the  pressure  of  the  blood  which  pours  into  and  distends  them."* 
Local  vaso-motor  ganglia  have  usually  been  considered  essential 
to  active  dilatation  by  inhibition.  Thus  Dr  Brunton  considers 
the  ganglia  on  the  nervi  erigentes  essential  to  the  inhibition  of 
the  arteries  which  he  describes  (loc.  cit.)  in  erection. 

On  the  other  hand,  Dr  Michael  Foster  and  Mr  Dew  Smith 
have  shown'  that  the  snail^s  heart,  which  seems  to  be  desti- 
tute of  both  nerves  and  ganglion-cells,  is  capable  of  true  inhi- 

^  Le^ofu  BUT  physioloffU  de  la  Digeition.  Paris,  1868,  T.  z.  t).  248. 

*  Br  Sftnderson  sajs  (Hobnos,  Sytt,  Surgery ,  t.  740)  that  uie  elleot  of  ixzitfr' 
lion  is  oertainly  not  to  paralyse  the  arteries. 

*  John  Hunter  speaks  of  "  aetlTe  dilatation,"  and  eompares  it  to  the  dilali^ 
tion  of  the  os  nteri,  Paget's  Leeture$  on  Surg,  Path,  1858. 

*  We$t  Riding  Asylum  Jfteports,  it.  1874,  p.  189. 
«  Proe.  JL  See,  xiiu.,  Na  160. 
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bitioiL  These  observers  also  conclude  tibat  the  snail's  heart,  like 
that  of  the  vertebrate  embryo^  is  capable  of  rhythmical  contrac- 
tion without  the  ''automatic"  ganglia.  They  suggest  that  in 
the  fully  developed  vertebrate  heart  the  ganglia  are  not  essen- 
tial to  the  production  g(  the  rhythm,  but  are  chiefly  of  use  in 
co-ordinating  its  complex  movements,  &c.  Any  part  of  the 
body  stands  to  the  rest  of  the  body  in  the  relation  ot  an  organ- 
ism to  its  environments.  Now  those  organisms  are  the  most 
developed  which  are  best  able  to  adapt  themselves  by  internal 
changes  to  alteration  in  their  environment  And  this  higher 
development  is  connected  with  the  acquirement  of  structures 
which  intensify  or  magnify  the  effects  of  changes  going  on  in 
the  external  world;  that  is  to  say,  it  is  connected  with  the 
acquirement  of  ganglioncUed  sense-organs.  In  the  same  way 
the  heart  will  be  more  able  to  adapt  itself  to  its  environment 
when  it  possesses  ganglia ;  and  since  the  only  way  in  which  the 
heart  can  respond  to  changes  in  its  environment  is  by  altering 
the  strength  or  rapidity  of  its  beats,  it  seems  logical  that  gan- 
glia should  be  intimately  connected  with  the  production  of  the 
rhythm.  It  appears  indeed  that  minute  portions  of  the  heart 
which  contain  ganglia  differ  from  those  which  do  not,  in  this 
very  particular,  for  they  alone  are  capable  of  rhythmic  contrac- 
tion \  We  have  then  a  simple  conlxactile  organ  (snail's  heart) 
apparently  capable  of  contracting  rhythmically  without  the 
help  of  ganglion  cells,  and  we  have  a  complex  contractile  organ 
(frog's  heart)  in  which  ganglia  are  developed,  which  are  appa- 
rently essential  to  the  production  of  rhythm.  In  the  same  way, 
is  it  not  possible  that  ganglia  may  be  necessary  for  the  inhi- 
bition of  a  complex  organ  in  spite  of  the  possibility  of  inhibiting 
a  simple  organ  where  no  such  ganglia  exist  ?  This  supposition 
is  supported  by  the  fact,  that  in  the  most  perfect  and  complex 
cases  of  inhibition,  for  instance,  in  the  vertebrate  heart,  the 
penis  and  the  submaxillary  gland  ganglia  are  found  to  exist. 

We  must  enquire  what  evidence  there  is  for  the  existence  of 
local  vaso-motor  mechanism  in  the  frog's  web,  and  in  some  other 
parts  of  the  body*  in  which  we  are  considering  the  phenomena 
of  inhibition. 

»  Dr  Sanderson  in  Handbook  for  the  Phy$,  Lab.  p.  204. 

'  Since  0r  Cohnheim  denies  the  existence  of  local  Taso*niotor  gangliai  some 


r 
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Some  physiological  eyidenoe  on  this  point  is  oontained  in  a  paper 
by  Patzeys  and  Tarclianoff  {CerUralbUUt,  Aug.  29,  1874).  They 
begin  by  referring  to  an  experiment  by  Croltz  which  is  as  follows : 
A  dilatation  and  a  consequent  rise  of  temperature  is  produced  in  the 
feet  of  varioos  animals  (frog  among  the  number)  by  the  section  of 
the  sciatic  nerve.  After  a  short  time  the  vessels  regain  their  tonus, 
and  the  temperature  fails  to  the  normal  ^  €k)ltz  argues  from  this 
result  that  vaso-motor  ganglia  must  exist  in  the  feet ;  because  if  the 
maintenance  of  the  arterial  tonus  were  due  to  stimulus  supplied 
entirely  by  the  central  nervous  system,  the  vessels  ought  to  remun 
permanently  dilated  when  deprived  of  such  stimulus  by  the  section 
of  the  sciatic  nerve.  Dr  Gohuheim  has  himself  performed  an  experi- 
ment of  this  kind,  without  being  aware,  as  it  appears,  of  the  conclu- 
sions which  most  be  drawn  from  his  results.  He  says  (Entzundung, 
p.  24)  that  dividing  the  tongue  so  that  it  remains  attached  only  by 
the  lingual  arteries  and  veins,  or  that  completely  destroying  the 
central  nervous  system,  produces  only  a  slight  and  transitory  dilata- 
tion of  the  vessels,  which  almost  at  once  regain  their  tonus.  In  Mr 
liatei^a  paper  on  the  va80-mot<Nr  nerves  of  the  frog  he  records  experi- 
ments of  the  same  nature  as  those  of  Putseys  and  Tarchanoff,  but 
which  are  more  carefully  done,  and  from  which  he  drew  similar  con- 
clusions as  to  the  presence  of  a  local  vaso-motor  apparatus. 

Judging  from  my  own  observations,  I  should  say  that  di- 
viding the  sciatic  nerve  has  very  little  effect  on  the  tonus  of  thd 
veaselB*.  I  have  seen  dilatation  ensue ;  but  on  other  occasions 
it  ha&  been  of  so  slight  and  doubtful  a  character  that  I  have  not 
been  sure  whether  or  not  the  artery  had  dilated.  This  points 
to  ibe  same  conclusion  as  Qoltz's  experiment,  and  shows  ^nare* 
over  how  slight  in  some  cases  is  the  share  taken  by  the  central 
nervous  system  in  the  maintena/nce  of  the  tomis.    From  the  above 

evidence  in  favoor  of  an  opposite  opinion  may  be  given.  In  the  first  plaee 
I>r  Cohnheim  {EmboUscher  Processe,  p.  28),  in  describing  the  complexity  of  stmc- 
tnzB  of  the  walls  of  an  artery,  mentioas  the  fact  th«t  gangUpn-eells  are  foond  in 
them.  Dr  Beale  {Monthly  Microseop.  Journal,  Aug.  1872,  p.  67)  says,  "  in  the 
bladder  of  the  frog  I  have  been  able  to  follow  fine  nerve  filn-es  from  the  ganglia 
both  to  arteriee  and  capillary  vessels.'^  Br  Beale  has  also  described  {PMlosophiccU 
Tran$aetUmM,  1863)  a  portion  of  the  coat  of  a  branch  of  the  iliac  artery  of  the 
frog ;  upon  tlie  surface  external  to  the  muscular  filMres  are  seen  some  ganglion- 
cells  in  process  of  developement  with  their  fibres  which  ramify  upon  the  muscu- 
lar coat."  Lastly,  I  have  described  and  figured  (Quarterly  Journal  of  Micro. 
8c.  xiT.  109)  rich  plexus  of  ganglia  and  nerves  accompanying  and  supplying 
the  vessels  in  the  external  coat  of  the  bladders  of  dogs  and  rabbits. 

1  A  similar  experiment  has  been  performed  by  Schiff,  Op.  cit.  i.  258,  on  the  ear 
of  the  rabbit.  It  is  hardly  necessary  to  remark  that  he  has  not  drawn  similar 
conclnsions  from  it. 

«  Dr  Sanderson  points  out  (Holmes,  System  of  Surgery,  v.  786)  that  there  is 
no  single  trunk  whose  division  completely  paralyses  the  web.  Hence  the  experi- 
ments of  Pntzeys  and  Tarchanoff  are  not  complete.  Lister's  results,  however, 
suffice  for  my  point. 
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evidence  we  may  conclude  that  when,  the  vessels  of  a  fix>g^s  foot 
are  paralysed,  i.  e.  deprived  of  the  stimulus  of  the  central  nervous 
system,  they  are  brought  back  to  a  tonic  condition  by  naturally 
existing  internal  stimuli,  whose  effect  is  probably  intensified 
by  a  local  vaso-motor  apparatus.  In  order  to  investigate  the  na- 
ture of  this  apparatus  I  have  made  a  careful  search  through  a 
considerable  number  of  webs,  by  staining  them  with  chloride  of 
gold  and  cutting  horizontal  sections.  No  distinct  ganglia  have 
been  found,  so  that  if  any  exist,  they  must  be  of  such  rarity  as 
not  to  be  worth  considering.  In  a  few  instances  I  have  found 
places  where  the  nerves  possess  more  or  less  distinct  swellings 
due  to  the  presence  of  masses  of  nuclei.  These  do  not  resemble 
the  dear  oval  nuclei  of  ganglion-cells  as  seen,  e.g,  in  Auerbach's 
plexus  or  the  sympathetic  plexus  in  the  bladder,  &c. ;  they  are, 
however,  veiy  much  like  the  small  nuclei  which  form  the 
swellings  figured  by  Lov^n  in  the  nervi  erigentes,  and  re- 
garded by  him  as  ganglionic  apparatus\  It  is  possible  that 
nuclei  may  to  some  extent  perform  the  functions  of  ganglia. 
Beale  maintains'  that  ganglion-cells  are  developed  fix>m  nuclei, 
^  which  cannot  at  first  be  distinguished  from  ordinary  nuclei  in 
connection  with  nerve-fibres.''  This  of  course  is  not  conclusive, 
since  the  peculiar  power  of  the  ganglion-cell  might  be  developed 
only  pari  pasmi  with  the  growth  of  the  granular  cell-substance 
around  the  nucleus.  Dr  Drysdale*,  however,  in  speaking  of  the 
increased  effect  produced  on  the  muscle  by  stimulating  the  nerve 
at  an  increased  distance  from  it  says, "  the  explanation  of  Pfliiger 
is,  that  the  molecules  of  the  nerve  in  succession  disengage  active 
energy,  and  each  stimulates  its  successor;  but  the  increase  of 
action  (avalandie  like)  shows  that  each  molecule  disengages 
more  force  than  the  one  before.  Beale's  is  evidently  a  much 
more  natural  explanation,  for  in  it  each  little  battery  of  proto- 
plasm is  set  in  action  by  the  passing  current,  and  contributes 
its  quota  to  the  current  which  is  thus  really  swelled  like  an 
avalancha"  If  by  ''current"  we  mean  nothing  more  than  the 
passage  of  a  molecular  disturbance  along  a  nerve,  I  believe  that 
this  explanation  of  Pfliiger's  observation  will  be  assented  to,  and 

1  LeipHg  BerichUt  1866. 
•      •  Kerre-oeUs  of  frog.  Phil  Tram.  1868,  ii.  5S0. 

>  PratopUEMmic  Theory  of  Lift,  by  John  Dryodale,  M.D.  (S4m.)  1874,  p.  121. 
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I  that  it  will  not  appear  improbable  that  the  fimction  ci  ganglia 


is  performed  in  the  frog*8  web  by  nuclei 


Schiff  made  a  carefol  examination  of  the  rabbit's  ear,  but  found 
no  ganglia.     He  therefore  rejected  the  inhibitorj  theory,  and  con- 
chided  that  *^  actiTe  dilatation  "  is  eflected  by  some  unknown  mechan- 
^  isDL     But  sinoe  his  actiye  dilatation  is  identical  with  that  which  is 

usually  called  inhibitory,  I  shall  mention  one  of  his  most  striking  ex- 
periments {Legofis,  dsc.,  i.  260).  He  paralyses  the  ear  or  the  foot  of  the 
rabbit  by  dividing  in  one  case  the  auricular  branch  of  the  fifth,  in 
the  oUier  the  sciatic  nerre.  The  result  is  a  dilatation  of  the  ressels 
'    ^  and  a  local  xise  of  temperature  in  the  paraljrsed  part     He  then 

L  '  produces  fcTer  either  by  injecting  pus  into  the  veins  or  by  injuring 

'  the  pleura.    **  The  first  effect  of  the  fever  is  an  increase  in  the  genertu 

temperature  of  the  body ;  this  increase  shows  itself  more  rapidly  in 
the  normal  ear,  and  its  temperature  is  soon  higher  than  that  of  the 
paralysed  one,  which  only  participates  feebly  in  the  febrile  rise  of 
temperature."  He  argues  Ihat  this  experiment  proves  the  possibility 
of  dilatation  produced  by  the  activUy  of  a  nerve,  and  not  by  paralysis, 
because  the  efiect  of  the  loss  of  nervous  supply  is  not  merely  to  make 
the  vessels  dilate^  but  to  prevent  them  being  able  to  do  so.  The 
conclusion  becomes  inevitable  when  he  shows  that  by  irritating  the 
peripheral  end  of  the  auricular  branch  of  the  fifth  nerve  the  vessels 
of  the  ear  can  be  made  to  dilato\ 

For  the  sake  of  deamess  I  may  be  allowed  to  recapitulate 
very  briefly. 

The  question  under  discusedon  is  the  cause  of  the  primaty 
dilatation  of  vessels  produced  by  local  irritants. 

I.     Several  reasons  were  given  why  the  phenomenon  cannot 
^  be  paralytic  in  nature ;  the  most  important  being  that  oon^roc- 

tion  may  in  certain  cases  be  produced  by  local  irritation*  Having 
shown  that  local  irritants  may  be  supposed  to  act  on  the  peri- 
pheral terminations  of  the  vaso-motor  nerves^  I  passed  on  to 
show : — 

n.    The  possibility  of  dilatation  dependent  <m  the  activity 
\  of  a  nerve,  and  produced  by  the  inhibition  of  the  local  vaso* 

motor  apparatus.  My  proposition  is,  that  the  primary  dilatation 
is  the  result  of  the  stimulation  of  the  peripheral  torminations 
of  the  dilatatory,  that  is,  of  the  inhibitory  nerves.  I  shall  at 
present  confine  myself  to  the  result  of  irritating  the  fix>g^s  web. 
In  the  first  place,  there  can  be  no  doubt  that  the  vessels  in 
this  oigan  are  capable  of  dilating  on  its  being  locally  irritated. 

1  Ii«vte,  LeipHg  BeriehU,  1866,  eonfirsu  this  resvli 
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I  liave  described  the  dilatation  which  I  have  observed  to  pre- 
cede contraction,  and  Dr  Cohnheim  believes  dilatation  to  be  the 
universal  result  of  irritation.  If  these  phenomena  are  to  be  ex- 
plained by  the  stimulation  of  inhibitory  nerve-fibres,  it  must  be 
shown  that  the  sciatic  nerve  contains  such  fibres.  Goltz  con- 
cluded from  his  experiments  that  this  was  the  case ;  but  Put- 
zeys  and  Tarchanoff  on  continuing  the  research  did  not  find  the 
assumption  of  inhibitory  nerves  necessary,  but  considered  the 
dilatation  to  be  the  result  of  the  exhaustion  of  the  constrictor, 
or  ordinary  vaso-motor,  nerves. 

A  similar  question  has  been  discussed  by  Schiff,  who  found 
that  by  dividing  the  auricular  branch  of  the  cervical  plexus 
and  irritating  the  central  end,  he  could  produce  dilatation  of 
the  vessels  of  the  ear.  In  this  experiment  a  central  inhibitory 
ganglion  is  supposed  to  be  stimulated,  and  the  vessels  of  the 
ear  are  made  to  dilate  by  refiex  inhibition  conveyed  to  them  by 
the  auricular  branch  of  the  fifth  nerve,  which  remains  intact. 
Bonders  however  (quoted  in  Legons,  T.  I.  p.  244)  imagined  the 
dilatation  to  be  the  result  of  exhausting  the  ordinary  vaso-motor 
or  constrictor  nerves.  Schiff  replies  that  he  finds  it  impossible 
to  produce  dilatation  by  the  most  prolonged  and  violent  irrita- 
tion of  the  peripheral  end  of  the  auricular  branch  of  the  cervical 
plexus,  i.  e.  of  the  constrictor  nerve. 

This  is  at  variance  with  the  results  obtained  by  Putzeys 
and  Tarchanoff,  who  state  that  long  and  protracted  irritation  of 
the  peripheral  end  of  a  divided  sciatic  produced  dilatation  in  the 
arteries  of  the  web.  On  the  other  hand,  it  is  in  agreement  with 
what  I  have  myself  observed.  I  began  by  irritating  the  peri- 
pheral end  of  the  sciatic  with  a  moderately  weak  current  from  a 
Du  Bois  inductive  coil.  The  artery  under  observation  contracted, 
and  in  a  short  time  dilated  in  spite  of  the  continuance  of  the 
stimulus.  I  am  inclined  to  think  that  it  was  this  dilatation  which 
Putzeys  and  Tarchanoff  ascribed  to  the  exhaustion  of  the  con- 
strictor nerves.  But  it  is  evident  that  it  is  not  due  to  this  cause, 
for  while  this  supposed  state  of  dilatation  from  exhaustion  con- 
tinued, the  artery  contra^:ted  on  the  web  heiiig  irritated.  The 
vessels  having  recovered  from  the  effects  of  local  stimulation,  I 
made  the  current  stronger,  and  the  artery  again  contracted,  but 
after  a  time  it  seemed  to  become  accustomed  to  the  stimulation 
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as  iQ  tLe  first  instance^  and  contracted  on  local  irritation  being 
applied.  I  strengthened  the  current  several  times  with  the 
same  result,  and  the  very  powerful  current  which  I  ultimately 
made  use  of  did  not,  as  I  believe,  dilate  the  arteries  beyond  the 
nonaaL 

li  seems  as  if  the  peripheral  nervoiLS  mechanism  has  the 
power  of  accommodating  itself  to  an  eaxess  of  stimulation  received 
through  the  nerves  from  the  central  nervous  system,  and  this  is  in 
accordance  with  the  independent  way  in  which  it  can  maintain 
the  tonus  of  the  arteries  when  deprived  of  central  nervotis  stimu- 
lation. 

It  seems  then  tiiat  Putzeys'  and  Tarchanoflrs  exhaustion 
hypothesis  is  not  satisfactory,  and  that  we  must  return  to 
Goltz's  view  that  dilatatory,  i.e.  inhibitory  fibres  exist  in  the 
sciatic. 

In  the  rabbit's  ear,  as  Schiff  has  shown,  the  dilator  fibres  are 
collected  into  one  nerve,  but  in  the  sciatic,  inhibitory  and  con- 
strictor fibres  are  mingled  together,  so  that  when  the  central 
vaso-motor  ganglia  are  irritated  both  kinds  of  fibres  will  be 
called  into  action.  Dr  Sanderson^  states  that  contraction  in  the 
arteries  of  the  web  is  produced  by  irritating  the  central  end  of 
the  divided  sciatic  of  the  opposite  side,  that  is,  when  the  cen- 
tral vaso-motor  ganglia  are  stimulated.  I  have  performed  this 
experiment  with  a  like  result.  But  on  one  occasion  both  Dr 
Klein  and  myself  several  times  observed  distinct  dilatation,  and 
I  have  confirmed  this  result  by  a  subsequent  experiment. 

Having  now  shown  the  probability  of  the  existence  of 
inhibitory  fibres  in  the  sciatic  I  shall  consider  the  effects  of 
irritation  on  this  nerve. 

It  appears  to  me  that  when  a  stitnulus  is  applied  to  the 
vaso-motor  mechanism  of  the  ijciatic  nerve,  either  by  irritating 
the  central  ganglia,  the  peripheral  end  of  the  divided  nerve,  or 
by  local  irritation  of  the  web  (and  this  is  what  especially  relates 
to  the  question  under  discussion),  a  struggle  commences  be* 
tween  the  dilatatory  (inhibitory)  and  the  constrictor  nerves.  In 
the  case  of  local  irritation  of  the  web,  this  struggle  usually 
ends  in  the  victory  of  the  constrictors,  in  the  case  of  the  tongue 
always  in  that  of  the  dilators.    In  the  web  these  are  sometimes 

1  Holmes,  Syttem  of  Surgery,  r,  787. 
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victorious  for  a  short  time,  hence  the  temporary  widening  of  the 
arteries  which  I  have  mentioned  as  occasionally  preceding  the 
contraction.  But  there  are  usually  no  signs  of  the  struggle  except 
the  short  pause  which  intervenes  between  the  application  of  the 
stimulus  and  the  consequent  contraction^  and  the  spasmodic  con- 
traction already  mentioned.  I  believe  that  the  primary  dilatation 
in  the  tongue  is  in  the  same  manner  due  to  the  stimulation  of 
the  peripheral  terminations  of  the  vaso-motor  nerves.  This  view 
is  rendered  probable  by  Yulpian's  results^;  he  finds  that  the 
vessels  of  the  tongue  (in  what  animal  is  not  mentioned)  are 
made  to  dilate  where  the  peripheral  extremities  of  the  divided 
lingual  and  glossopharyngeal  nerves  are  stimulated.  The  fact 
that  stimulation  of  the  nerves  and  local  irritants  both  produce 
dilatation  in  the  tongue,  when  contrasted  with  the  fact  that 
these  agents  cause  contraction  in  the  web,  supports  my  oondu- 
sion,  that  irritants  act  through  the  peripheral  terminations  of 
the  nerves. 

The  variable  results  of  Saviotti's  experiments  (so  described  by 
Oohnheim,  wbo  neglects  them  for  this  reason)  are  exactly  what, 
aooording  to  my  view  of  the  case,  we  should  expect.  As  Sohiff 
remarks  {LegonSf  T.  i.  p.  253),  "  Les  exceptions  du  reste  n'ont  rien 
d'6tonnant  ai  Ton  consid^re  rinconstance  du  trajet  des  ner&  vaso- 
mQteurs  en  g^ntoJ,  pour  tout  organe  relevant  des  nerfs  vascolaires 
de  plusieurs  sources  distinctes."  As  an  example,  he  mentions  the 
fact,  that  even  the  section  of  the  sympathetic  in  the  neck  does  not 
produce  always  the  same  effect  on  the  vessels  of  the  ear  of  the  rabbit. 

Let  us  once  more  consider  the  inhibitory  dilatation  in  the 
rabbit's  ear — Schiff  asserts  (and  he  is  confirmed  by  Lovdn,  Op,  ciL) 
that  irritating  the  peripheral  extremity  of  one  of  the  auricular 
nerves  (A)  causes  contraction,  while  irritating  the  extremity  of 
another  perye  (B)  causes  dilatation.  This  cannot  be  accounted 
for  by  different  intensities  of  stimulation,  nor  by  saying  that  the 
'^nature"  of  the  nerves  is  different.  All  we  can  say  is  that  in 
passing  from  nerve  (A)  to  the  artery  the  stimulus  remains  a 
stimulus  in  the  ordinary  sense  of  the  word',  but  that  in  passing 

1  Gagette  Hehdom,  No.  63, 1874  (quoted  in  Ceniralblatt,  Hay  22, 1876). 

*  Brfloke  (Vienna  Denk§ehrift€n,  it.  1852)  in  specnlailng  why  it  is  that  light 
whieh  should  aot  as  a  stimiiliiB  pfrodnoes  **  paralyds  **  of  the  pigment-ocdls  of  the 
diameleon,  whareaB  darlmess  makes  them  "  contraet,"  remar£a  that  **  we  are  in 
certain  relations  to  the  external  world,  changes  in  it  produce  changes  in  us;"  he 
goes  on  to  say  that  anything  producing  fi  change  may  he  called  a  stimulus  (reiz), 
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from  nerre  (B)  to  the  artery  it  changes  its  character  and  only 
remains  a  stimulas  in  the  sense  that  it  produces  soma  change  in 
the  artery.  And  the  conclusion  we  seem  driven  to  isp  that  the 
means  by  which  the  stimulus  passes  from  A  to  the  artery  are 
different  from  those  by  which  it  passes  from  B  to  it  That  is  to 
say,  there  must  in  the  latter  case  be  some  local  mechanism 
interposed  between  the  nerre  and  the  artery,  which  has  the 
power  of  altering  the  stimuli  it  receives  and  passing  them  on  to 
the  artery  changed  in  some  way.  And  we  can  best  conceive  such 
a  mechanism  taking  the  form  of  an  arrangement  of  ganglion* 
cells  or  nuclei. 

In  &at  we  suppose  that  an  artery  oontracts  under  a  certain 
Btimolus,  but  dilates  when  this  stimulus  is  altered  by  some 
local  mechanism-— or  in  other  words^  we  assume  that  its  con- 
tractile tissue  possesses  two  kinds  of  excitability.  This  appears 
to  me  to  be  in  accordance  with  Dr  Foster^s  and  Mr  Dew 
Smith's  supposition  \  that  the  nature  of  the  tissue  of  the  snail's 
heart  is  such  that  inductive  shocks  of  different  intensities  pro- 
duce exactly  opposite  results.  For  this  in  equivalent  to  endow* 
ing  the  tissue  vrith  two  kinds  of  excitability.  By  stimulating 
certain  nerves  we  can  produce  either  flexion  or  extension  of  a 
yertebrate  animal's  limb,  but  because  by  the  application  of 
appropriate  stimuli  we  can  also  produce  contraction  and  exten- 
^on  fk  a  nerveless  mass  of  protoplasm  ^  we  do  not  deny  that 
distinct  nerves  for  flexion  and  extension  may  exist  in  more 
highly  developed  organisms.  This  analogy  is  exaggerated  and 
false,  but  it  may  serve  to  show  how  the  supposition  of  the  exist- 
ence of  distinct  nerves  for  inhibition  and  contraction  is  con- 
sistent with  the  simple  form  of  inhibition  described  by  Dr 
Foster  and  Mr  Dew  Smith. 

In  the  course  of  this  paper  I  have  ventured  to  state  the  way 
in  which  the  difficulty  of  inhibition  presents  itself  to  me ;  and  I 
have  tried  to  show  that  the  only  ''explanation"  or  generalization 
of  the  facts  which  I  can  form,  seems  to  accord  with  the  view 
that  certain  forms  of  inhibition  (where  the  nature  of  the  result 

bat  thai  "  if  this  word  Ib  to  be  nsefol  in  physiological  langnage  we  must  limit  it 
to  those  agents  whioh  when  acting  in  a  motor  nerre  produce  contraction  (of  a 
mnsele),  and  when  acting  on  a  sensory  nenre  produce  sensation '' 

1  Op.  eit.  p.  823. 

*  Strieker,  Handbuelh  ^-t  liefemng,  i. 
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is  not  determined  by  the  strength  of  the  stimulus  applied) 
require  a  local  vaso-motor  apparatus.  Also  that  the  supposition 
of  the  existence  of  distinct  inhibitory  and  constrictor  nerves 
is  not  at  variance  with  the  simple  form  of  inhibition  of  Dr 
Foster  and  Mr  Dew  Smith.  I  may  be  permitted  to  restate  the 
difficulty  very  briefly.  A  mere  contractile  mass  of  the  nature 
of  protoplasm  can  be  inhibited,  or  the  reverse,  by  varying  the 
intensity  of  the  stimulus.  We  "explain"  this  by  saying  that  the 
tissue  has  two  opposite  excitabilities.  But  in  the  case  of  the 
rabbit's  ear,  (Schiff,  Lefons  11  and  12,)  the  same  artery  can  be 
made  to  dilate  or  to  contract  by  applying  the  same  stimulus  to 
different  nerves.  Here  we  cannot  explain  anything  by  merely  en- 
dowing the  tissue  of  the  artery  with  excitabilities  varying  with 
the  intensity  of  the  stimulus — ^because  the  stimulus  we  apply  to 
the  nerve  is  the  same  in  the  two  cases.  Nor  are  we  permitted 
to  ascribe  different  powers  of  conduction  to  the  nerve-trunks 
along  which  the  stimuli  travel.  We  seem  therefore  compelled 
to  say  that  in  passing  from  the  inhibitory  nerves  to  the  arteries 
the  stimulus  is  changed.  And  to  effect  such  a  change  we  must 
assume  a  local  mechanism  interposed,  and  this  will  probably 
take  the  form  of  an  arrangement  of  ganglion  cells  or  nuclei 

The  rarity  of  the  collections  of  nuclei  on  the  nerve-trunks  in 
the  frog^s  web  mentioned  above  may  possibly  be  connected  with 
the  preponderance  of  the  contractile  over  the  inhibitory  tendency 
in  that  part  of  the  body. 

Finally  I  conclude: — 

I.  That  local  irritants  do  not  cause  dilatation  by  direct  para* 
lysis  of  the  tissue  of  the  arteries. 

II.  That  Schiff's  view  is  correct:  viz.  that  local  irritants 
produce  their  effects  on  vessels  by  acting  on  the  peripheral  ter- 
minations of  the  vaso-motor  nerves. 

IIL  That  when  the  vaso-motor  nerves  include  both  inhibi- 
tory and  constrictor  fibres,  both  are  stimulated  by  local  irritants, 
and  the  resulting  alteration  in  the  calibre  of  the  vessel  is  the 
result  of  the  victory  of  one  set  over  the  other. 


ON  THE  ORIGIN  AND  HISTORY  OF  THE  URINO- 
GENITAL  ORGANS  OF  VERTEBRATES.  By  F.  M. 
Balfouk,  B.A-,  FeUov)  of  Trinity  College,  Cambridge. 

Recent  discoveries'  as  to  the  mode  of  development  and 
anatomy  of  the  urinogenital  system  of  Selachians,  Amphibians 
and  Cyclostome  fishes,  have  greatly  increased  our  knowledge 
of  this  system  of  organs,  and  have  rendered  more  possible  a 
comparison  of  the  types  on  which  it  is  formed  in  the  various 
orders  of  vertebrates. 

The  following  paper  is  an  attempt  to  give  a  consecutive 
history  of  the  origin  of  this  system  of  organs  in  vertebrates 
and  of  tlft  changes  which  it  has  undergone  in  the  different 
orders. 

For  this  purpose  I  have  not  made  use  of  my  own  observa- 
tions alone,  but  have  had  recourse  to  all  the  Memoirs  with 
which  I  am  acquainted,  and  to  which  I  have  access.  I  have 
commenced  my  account  with  the  Selachians,  both  because  my 
own  investigations  have  been  directed  almost  entirely  to  them, 
and  because  their  urinogenital  organs  are,  to  my  mind,  the 

1  The  more  important  of  these  are : — 

Semper — Ueber  die  StammTerwandtsehaft  der  Wirbelthiere  n.  Aimeliden. 
Centralblatt  f,  Med.  Wu$,  1874,  No.  S5. 

Semper— Segmentalorgane  bei  aaBgewachBeiien  Haien.  Centralblatt/.  Med. 
Wis$.  1874,  No.  62. 

Semper  —  Das  Urogenitalsystem  der  h<iheren  Wirbelthiere.  Centralblatt 
J,  Med.  Wiu.  1874,  No.  59. 

Semper — Stammesrerwandtsehaft  d.  Wirbelthiere  u.  Wirbellosen.  Arbeiten 
aug  Zool.  Zootom.  Imt.  Wiirzbnrg.  II  Band. 

Semper— Bildong  n.  Waohstnm  der  Keimdxtlsen  bei  den  Plagiostomen. 
Centralblatt  f.  Med.  WUt,  1875,  No.  12. 

Semper— Entw.  d.  Wolf.  n.  Miili.  Gang.  Centralblatt  /.  Med.  WU$.  1875, 
No.  29. 

Alex.   Sohnltz— Phylogenie   d.  Wirbelthiere.     Centralblatt  /.  Med.  WU$. 

1874,  No.  51. 
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most  convenient  for  comparison  both  with  the  more  complicated 
and  with  the  simpler  types. 

On  many  points  the  views  put  forward  in  this  paper  will 
be  found  to  differ  from  those  which  I  expressed  in  my  paper 
(toe.  cit.)  which  gives  an  account  of  my  original^  discovery  of 
the  segmental  organs  of  Selachians,  but  the  differences,  with  the 
exception  of  one  important  error  as  to  the  origin  of  the  Wolffian 
duct,  are  rather  fresh  developments  of  my  previous  views  from 
the  consideration  of  fresh  facts,  than  radical  changes  in  them. 

In  Selachian  embryos  an  intermediate  cell-mass,  or  middle 
plate  of  mesoblast  is  formed,  as  in  birds,  from  a  partial  fusion  of 
the  somatic  and  splanchnic  layers  of  the  mesoblast  at  the  out^r 
border  of  the  protovertebrae.  From  this' cell-mass  the  whole  of 
the  urinogenital  system  is  developed. 

At  about  the  time  when  three  visceral  clefts  have  appeared, 
there  arises  from  the  intermediate  cell-mass,  opposite  the  fifth 
protovertebra,  a  solid  knob,  from  which  a  column  of  cells 
grows  backwards  to  opposite  the  position  of  the  future  anus 
(Fig.  1,  pd.). 

This  knob  projects  outwards  toward  the  epiblast,  and  the 
column  lies  at  first  between  the  mesoblast  and  epiblast  The 
knob  and  column  do  not  long  remain  solid.  The  knob  becoming 
hollow  acquires  a  wide  opening  into  the  pleuroperitoneal  or 
body  cavity,  and  the  column  a  lumen ;  so  that  by  the  time 
that  five  visceral  clefts  have  appeared,  the  two  together  form 
a  duct  closed  behind,  but  communicating  in  front  by  a  wide 
opening  with  the  pleuroperitoneal  cavity. 

Before  these  changes  are  accomplished,  a  series  of  solid* 
outgrowths  of  elements  of  the  '  intermediate  cell-mass'  appear 
at  the  uppermost  comer  of  the  body-cavity.  These  soon 
become  hollow  and  appear  as  involutions  from  the  body-cavity, 
curling  round  the  inner  and  dorsal  side  of  the  previously 
formed  duct. 

1  These  ozgans  were  discovered  independently  bj  Profeeaor  Semper  and  my- 
sell  Professor  Semper*B  preliminary  aooonnt  appeared  prior  to  my  own  whidi 
was  published  (with  illnstoations)  in  the  Quarterly  Journal  of  Mie.  Seienee,  Owing 
to  my  being  in  South  America,  I  did  not  know  of  Professor  Semper's  investiga- 
tions till  seyeral  months  after  tiie  pnbUcation  of  my  paper. 

*  These  outgrowths  are  at  first  solid  in  both  Pristiurus  Soyllium  and  Torpedo, 
but  in  Torpedo  attain  a  considerable  length  before  a  lumen  appears  in  them. 
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The  sectknu  are  to  thinr  the  derelopment  of  the  Mgmentel  duet  (pd.)  or  primi- 
tiva  doet  of  th«  kidneji.  In  A  (the  fttitenoT  of  the  two  leetioni) 
this  Kppeufl  M  ft  Mild  knob  projcoting  towftrdB  the  epiblwt.  In  £  is 
■em  »  leetioa  ol  the  oolanm  wbiab  has  grown  baekwudi  (rom  the  knob 
in  A. 
tpn.   rudiment  of  a  apinal  nerve ;        me.  mednllMj  eanal ;       eK  notoehord ; 

X.  Btring  ot  oeJli   below  tha  notoohordj      mp.  mniele-pUte ;      n^'.  (mcmUt 

dereloped  portion  of  muMle-pUte ;    no.   dorul   aorta ;    pd.    Mgoeatal  dnet. 

JO.    aoDiAtopIeiira ;        tp.   iplanehnoplean ;        m.    pletuoperltoneal    ot    body 

mritj ;        tp.  epiblart ;       ol.   alimentaij  mud. 

One  involation  of  this  kind  makes  its  appearance  for  each 
protovertebra,  and  the  firet  belongs  to  the  protovertebra  im- 
mediately behind  the  anterior  end  of  the  dact  whoee  deveiop- 
ment  haa  just  been  described.  In  Pristiurus  there  are  in  all  29 
of  these  at  this  period.  The  last  two  or  three  arise  from  that 
portion  of  the  body-cavity,  which  at  this  stage  still  exisbi 
behind  the  anus.  The  first-formed  duct  and  the  subsequent 
involutions  are  the  rudiments  of  the  whole  of  the  urinary 
tjetena.  The  duct  is  the  primitive  duct  of  the  kidney' ;  I  shall 
call  it  in  futare  the  aegmental  duct ;  and  the  involutions  are  the 
conuoencemente  of  the  s^^nental  tubes  which  constitute  the 
body  of  the  kidney.  I  shall  call  them  in  future  Mgmental 
tubes. 

Soon  after  their  formation  the  segmental  tubes  become 
convoluted,  and  their  blind   ends  become  connected  with  the 

1  ThiH  dnot  ia  often  called  either  Mttller'i  dnot,  the  oridnct,  or  the  daol  ot 
Ihe  primitiTe  kidncnte  '  Unuerengang.'  None  of  these  tarmi  are  yerjr  suitable. 
&  jaetifioation  of  the  name  I  have  given  it  will  appear  from  the  (acta  RiveD  in 
Uta  later  parte  of  thie  paper.  In  my  previons  paper  I  have  always  eidled  it 
oviditet,  a  name  whioh  ia  very  inappropriate. 

2—2 
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segmental  duct  of  the  kidney.  At  the  same  time,  or  rather 
before  this,  the  blind  posterior  termination  of  each  of  the 
segmental  ducts  of  the  kidneys  unites  with  and  opens  into  one 
of  the  horns  of  the  cloaca.  At  this  period  the  condition  of 
affairs  is  represented  in  Fig.  2. 

There  is  at  pd,  the  segmental  duct  of  the  kidnejrs,  opening 
in  front  (o)  into  the  body  cavity,  and  behind  into  the  cloaca, 
and  there  are  a  series  of  convoluted  segmental  tubes  (^),  each 
opening  at  one  end  into  the  body  cavity,  and  at  the  other  into 
the  duct  (pdn). 

Fig.  2. 

DiAOBAX     or     THB     FBIMITITS     CONDITIOIV     OF    THE    KiDNEY    IH     A     SeLACHUH 

Ehbbto. 
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pd.  segmental  dnot.  It  opens  at  o  into  the  body  cavity  and  at  its  other 
extremity  into  the  doaoa ;  ac  line  along  which  the  division  appears  which 
separates  the  segmental  dnet  into  the  Wolffian  duet  above  and  tiie  Mnllerian 
duct  below ;  $t.  segmental  tnbes.  They  open  at  cob  end  into  the  body- 
cavity,  and  at  the  other  into  the  segmental  duct. 

The  next  important  change  which  occurs  is  the  longitudinal 
division  of  the  segmental  duct  of  the  kidneys  into  Muller's  duct, 
or  the  oviduct,  and  the  duct  of  the  Wol£5an  bodies  or  Leydig's 
duct  The  splitting^  is  effected  by  the  growth  of  a  wall  of  cells 
which  divides  the  duct  into  two  parts  (Fig.  3,  wd.  and  md,).  It 
takes  place  in  such  a  way  that  the  front  end  of  the  segmental 
duct,  anterior  to  the  entrance  of  the  first  segmental  tube,  to- 
gether with  the  ventral  half  of  the  rest  of  the  duct,  is  split  off 
from  its  dorsal  half  as  an  independent  duct  (vide  Fig.  2,  x). 

The  dorsal  portion  also  forms  an  independent  duct,  and  into 

1  This  splitting  was  first  of  all  discovered  and  an  account  of  it  pablished  by 
Semper  (Centralblatt  f,  Med.  Wist.  1875,  Ko.  29).  I  had  independently  made  it 
out  for  the  female  a  few  weeks  before  the  publication  of  Semper's  aoooont — ^but 
have  not  yet  made  observations  about  the  point  for  the  male. 

My  own  previous  account  of  the  origin  of  the  Wolffian  duct  (Quart.  Joum. 
of  Micros.  Science,  Oct.  1874),  is  completely  false,  and  was  due  to  my  not 
having  had  access  to  a  complete  series  of  my  sections  when  I  wrote  the  paper. 
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gic.  mednllAT?  can&l ;  mp.  miiBcle-pIste ;  eh.  notoohord ;  ao.  ftorta ) 
eoc.  cardinal  vein ;  it.  segmental  tabe.  On  the  one  side  the  aeetion 
pnnnnn  through  the  opening  of  a  Hegmental  tube  into  the  bod;  cavity.  On  the 
other  this  openiug  ia  represented  by  dotted  lines,  nnd  the  opening  of  the 
Bcgmental  tabe  into  the  WolSIan  daet  has  been  cat  thioogh  ;  vid.  WolfBan 
doct;  md.    Miilleriait  dact.     The  Miilletian  dnct  and  the  Wolffian  dnet 

togethm  constitute  the  primitiTe  segmental  dust ;  gr.  The  genninal  Hdge 
^th  the  thiokened  genninal  epithehiun ;  I.  liTer ;  i.  intestine  with 
spiral  yalve. 

it  the  s^meotal  tubee  continue  to  open.  Such  at  least  is  the 
method  of  splitting  for  the  female — for  the  male  the  splitting 
is,  according  to  Professor  Semper,  of  a  more  partial  character, 
and  consists  for  the  most  part  in  the  front  end  of  the  duct  ooly 
being  separated  off  from  the  rest.  The  result  of  these  changes 
is  the  formation  in  both  sexes  of  a  fresh  duct  which  carries 
off  the  excretions  of  the  segmental  involutions,  and  which 
I  shall  call  the  WolfBan  duct — while  in  the  female  there  is 
formed  another  complete  and  independent  duct,  which  I  shall 
call  the  Miillerian  duct,  or  oviduct,  and  in  the  male  portions 
only  of  such  a  duct. 

The  next  change  which  takes  place  is  the  fonnation  of 
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another  duct  &om  the  hinder  portion  of  the  Wolffian  duct,  which 
receives  the  secretion  of  the  posterior  segmental  tubes.  This 
secondary  duct  unites  with  the  primary  or  Wolffian  duct  near 
its  termination,  and  the  primary  ducts  of  the  two  sides  unite 
together  to  open  to  the  exterior  by  a  common  papilla^ 

Slight  modifications  of  the  posterior  terminations  of  these 
ducts  are  found  in  different  genera  of  Selachians  (vide  Semper, 
Centralblatt  filr  Med.  Wiss.  1874,  No.  59),  but  they  are  of  no 
fundamental  importance. 

These  constitute  the  main  changes  undergone  by  the  seg- 
mental duct  of  the  kidneys  and  the  ducts  derived  from  it ;  but 
the  segmental  tubes  also  undergo  important  changes.  In  the 
majority  of  Selachians  their  openings  into  the  body-cavity,  or, 
at  any  rate,  the  openings  of  a  large  number  of  them,  persist 
through  life ;  but  the  investigations  of  Dr  Meyer^  render  it 
veiy  probable  that  the  small  portion  of  each  segmental  tube 
adjoining  the  opening  becomes  separated  from  the  rest  and 
becomes  converted  into  a  sort  of  lymph  organ,  so  that  the  open- 
ings of  the  segmental  tubes  in  the  adult  merely  lead  into  lymph 
organs  and  not  into  the  gland  of  the  kidneys. 

These  constitute  the  whole  changes  undergone  in  the  female, 
but  in  the  male  the  open  ends  of  a  varying  number  (according 
to  the  species)  of  the  segmental  tubes  become  connected  with 
the  testis  and,  uniting  with  the  testicular  follicles,  serve  to  carry 
away  the  seminal  fluid  \  The  spermatozoa  have  therefore  to  pass 
through  a  glandular  portion  of  the  kidneys  before  they  enter 
the  Wolffian  duct,  by  which  they  are  finally  carried  away  to  the 
exterior. 

In  the  adult  female,  then,  there  are  the  following  parts  of 
the  urinogenital  system  (Fig.  4) : 

(1)  The  oviduct,  or  Mliller's  duct  (Fig.  4,  md,),  split  off  from 
the  segmental  duct  of  the  kidneya  Each  oviduct  opens  at  its 
upper  end  into  the  body-cavity,  and  behind  the  two  oviducts  have 
independent  communications  with  the  cloaca*  The  oviducts 
serve  simply  to  cany  to  the  exterior  the  ova,  and  have  no  com- 
munication with  the  glandular  portion  of  the  kidneys. 

1  Sitzen.  der  Naturfor.  Qe$etUehaft,  Leipzig,  80  April,  1875. 
*  We  owe  to  Professor  Semper  the  discovery  of  the  arrangement  of  the 
seminal  duets.    Centralblatt  f.  Med.  Wiss.  1875,  Ko.  12. 
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Munerian  dnet;         wd.    WoUBad  daet;  «t.    segmental  tobee; 

d.    duet  ol  the  posterior  segmental  tubes ;       ov.   amy, 

(2)  The  WolfiSan  ducts  (Kg.  4,  wd.)  or  the  remainder  of  the 
segmental  ducts  of  the  kidneys.  Each  Wolffian  duct  ends  blindly 
in  front,  and  the  two  unite  behind  to  open  by  a  common  papilla 
into  the  cloaca. 

This  duct  receives  the  secretion  of  the  whole  anterior  end  of 
the  kidneys^  that  is  to  say,  of  all  the  anterior  segmental  tubes. 

(3)  The  secondary  duct  (Fig.  4,  d)  belonging  to  the  lower 
portion  of  the  kidneys  opening  into  the  former  duct  near  its 
termination. 

(4)  The  segmental  tubes  (Fig.  4,  at)  from  whose  convolutions 
and  outgrowths  the  kidney  is  formed.  They  may  be  divided 
into  two  parts,  according  to  the  duct  by  which  their  secretion  is 
carried  off. 

In  the  male  the  following  parts  are  present : 

(1)  The  Miillerian  duct  (Fig.  5,  md.),  consisting  of  a  small 
remnant,  attached  to  the  liver,  which  represents  the  foremost 
end  of  the  oviduct  of  the  female. 

(2)  The  Wolffian  duct  (Fig.  6,  wd),  which  precisely  corresponds 
to  the  Wolffian  duct  of  the  female,  except  that,  in  addition  to 
functioning  as  the  duct  of  the  anterior  part  of  the  kidneys,  it 
also  serves  to  carry  away  the  semen.  In  the  female  it  is 
straight,  but  has  in  the  adult  male  a  very  tortuous  course 
(vide  Fig.  5). 

^  This  upper  portion  of  the  kidneys  is  called  Leydig*B  gland  by  Semper. 
It  would  be  better  to  eall  it  the  Wolffian  body,  for  I  shall  attempt  to  show  that 
it  is  homologous  with  the  gland  so  named  in  Sanxopsida  and  Mammalia. 
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Fig.  6. 
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md.  radiment  of  Miillerian  daot ;  ir<i.  Wolffian  dnct,  which  also  seires 
as  Yas  deferens;  %U  segmental  tnbes.  The  ends  of  three  of  those  which 
in  the  female  open  into  the  body-oavity,  have  in  the  male  imited  with  the 
testicnlar  follicles,  and  serve  to  carry  away  the  products  of  the  testis; 
d.    daot  of  the  posterior  segmental  tubes;        t,   testis. 

(3)  The  duct  (Fig.  5,  d.)  of  the  posterior  portion  of  the  kid- 
neys, which  has  the  same  relations  as  in  the  female. 

(4)  The  segmental  tubes  (Fig.  5,  «<.).  These  have  the  same 
relations  as  in  the  female,  except  that  the  most  anterior  two, 
three  or  more,  unite  with  the  testicular  follicles,  and  carry  away 
the  semen  into  the  Wolffian  duct. 

The  mode  of  arrangement  and  the  development  of  these 
parts  suggest  a  number  of  considerations. 

In  the  first  place  it  is  important  to  notice  that  the  segmental 
tubes  develope  primitively  as  completely  independent  organs \ 
one  of  which  appears  in  each  segment.  If  embryology  is  in  any 
way  a  repetition  of  ancestral  history,  it  necessarily  follows  that 
these  tubes  were  primitively  independent  of  each  other.  An- 
cestral history,  as  recorded  in  development,  is  often,  it  is  true, 
abridged ;  but  it  is  clear  that  though  abridgement  might  pre- 
vent a  series  of  primitively  separate  organs  from  appearing 
as  such,  yet  it  would  hardly  be  possible  for  a  primitively  com- 
pound organ,  which  always  retained  this  condition,  to  appear 

^  Further  study  of  my  sections  has  shown  me  that  the  initial  independence  of 
these  organs  is  even  more  complete  than  might  be  gathered  from  the  description 
in  my  paper  (2oc.  cit^,  I  now  find,  as  I  before  conjectured,  that  they  at  first  cor- 
respond exactly  with  the  muscle-plates,  there  being  one  for  each  muscle-plate. 
This  can  be  seen  in  the  fresh  embryos,  but  longitudinal  sections  i^ew  it  in  an 
absolutely  demonstrable  manner. 
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duTiiig  development  as  a  series  of  separate  ones.  These  considera- 
tions appear  to  me  to  prove  that  the  segmented  ancestors  of 
vertebrates  possessed  a  series  of  independent  and  segmental 
excretory  organs. 

Both  Professor  Semper  and  myself,  on  discovering  these 
organs,  were  led  to  compare  them  and  state  our  belief  in  their 
identity  with  the  so-called  segmental  organs  of  Annelids. 

This  view  has  since  been  fairly  generally  accepted.  The 
s^mental  organs  of  annelids  agree  with  those  of  vertebrates  in 
opening  at  one  end  into  the  body  cavity,  but  differ  in  the  fact 
that  each  also  communicates  with  the  exterior  by  an  independent 
opening,  and  that  they  are  never  connected  with  each  other. 

On  the  hypothesis  of  the  identity  of  the  vertebrate  segmental 
tubes  with  the  annelid  segmental  organs,  it  becomes  essential  to 
explain  how  the  external  openings  of  the  former  may  have 
become  losL 

This  brings  us  at  once  to  the  origin  of  the  segmental  duct 
of  the  kidneys,  by  which  the  secretion  of  all  the  segmental 
tubes  was  carried  to  the  exterior,  and  it  appears  to  me  that  a 
right  understanding  of  the  vertebrate  urinogenital  system  de- 
pends greatly  upon  a  correct  view  of  the  origin  of  this  duct.  I 
would  venture  to  repeat  the  suggestion  which  I  made  in  my 
original  paper  {loc.  dt),  that  this  duct  is  to  be  looked  upon  as 
the  most  anterior  of  the  segmental  tubes  which  persist  in  verte- 
brates. In  favour  of  this  view  are  the  following  anatomical 
and  embryological  facts.  (1)  It  developes  in  nearly  the  same 
manner  as  the  other  segmental  tubes,  viz.  in  Selachians  as  a 
solid  outgrowth  from  the  intermediate  cell-mass,  which  subse- 
quently becomes  hollowed  so  as  to  open  into  the  body-cavity : 
and  in  Amphibians  and  Osseous  and  Cyclostome  fishes  as  a 
direct  involution  from  the  body  cavity.  (2)  In  Amphibians, 
Cyclostomes  and  Osseous  fishes  its  upper  end  develops  a  glandular 
portion,  by  becoming  convoluted  in  a  manner  similar  to  the 
other  segmental  tubes.  This  glandular  portion  is  often  called 
either  the  head-kidney  or  the  primitive  kidney.  It  is  only  an 
embryonic  structure,  but  is  important  as  demonstrating  the  true 
nature  of  the  primitive  duct  of  the  kidneys. 

We  may  suppose  that  some  of  the  segmental  tubes  first 
united,  possibly  in  pairs,  and  that  then  by  a  continuation  of  this 
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process  the  whole  of  them  coalesced  into  a  common  gland. 
One  external  opening  sufficed  to  cany  off  the  entire  secretion 
of  the  gland,  and  the  other  openings  therefore  atrophied. 

This  history  is  represented  in  the  development  of  the  dog- 
fish in  an  abbreviated  form,  by  the  elongation  of  the  first  seg- 
mental tube  (segmental  duct  of  the  kidney)  and  its  junction 
with  each  of  the  posterior  segmental  tubes.  Professor  Semper 
looks  upon  the  primitive  duct  of  the  kidneys  aa  a  duct  which 
arose  independently,  and  was  not  derived  from  metamorphosis  of 
the  segmental  organs.  Against  this  view  I  would  on  the  one 
hand  urge  the  consideration,  that  it  is  far  easier  to  conceive  of 
the  transformation  by  change  of  function  (comp.Dohm,  Furu^tions^ 
wechsd,  Leipzig,  1876)  of  a  segmental  organ  into  a  segmental 
duct,  than  to  understand  the  physiological  cause  which  should 
lead,  in  the  presence  of  so  many  already  formed  ducts,  to  the 
appearance  of  a  totally  new  one.  By  its  very  nature  a  duct  is  a 
structure  which  can  hardly  arise  de  novo.  We  must  even  sup- 
pose that  the  segmental  organs  of  Annelids  were  themselves 
transformations  of  still  simpler  structures.  On  the  other  hand 
I  would  point  to  the  development  in  this  very  duct  amongst 
Amphibians  and  Osseous  fishes  of  a  glandular  portion  similar 
to  that  of  a  segmental  tube,  as  an  a  poateriari  proof  of  its 
being  a  metamorphosed  segmental  tube.  The  development  in 
insects  of  a  longitudinal  tracheal  duct  by  the  coalescence  of  a 
series  of  transverse  tracheal  tubes  affords  a  parallel  to  the  forma- 
tion of  a  duct  from  the  coalescence  of  a  series  of  segmental 
tubes. 

Though  it  must  be  admitted  that  the  loss  of  the  external 
openings  of  the  segmental  organs  requires  further  working  out, 
yet  the  difficulties  involved  in  their  disappearance  are  not  so 
great  ajs  to  render  it  improbable  that  the  vertebral  segmental 
organs  are  descended  from  typical  annelidan  ones. 

The  primitive  vertebrate  condition,  then,  is  probably  that  of 
an  early  stage  of  Selachian  development  while  there  is  as  yet 
a  segmental  duct, — the  original  foremost  segmental  tube  open- 
ing in  front  into  the  body  cavity  and  behind  into  the  cloaca ; 
with  which  duct  all  the  segmental  tubes  communicate.  Vide 
Fig.  2. 

The  next  condition  is  to  be  looked  upon  as  an  indirect 
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result  of  the  segmental  duct  flerving  as  well  for  the  products 
of  the  generative  organs  as  the  secretions  of  the  segmental 
tabes. 

As  a  consequence  of  this,  the  segmental  duct  became  split 
into  a  yentral  portion,  which  served  alone  for  the  ova»  and 
a  dorsal  portion  which  received  the  secretion  of  the  seg- 
mental tubes.  The  lower  portion,  which  we  have  called  the 
oviduct,  in  some  cases  may  also  have  received  the  semen  as  well 
as  the  ova.  This  is  very  possibly  the  case  with  Ceratodus 
(vide  Giinther,  Trans,  of  K  Society,  1871),  and  the  majority  of 
Ganoids  (Hyrtl,  Denkschrijien  Wien,  Vol.  viil.).  In  the  majority 
of  other  cases  the  oviduct  exists  in  the  male  in  a  completely 
rudimentary  form ;  and  the  semen  is  carried  away  by  the  same 
duct  as  the  urine. 

In  Selachians  the  transportation  of  the  semen  from  the  testis 
to  the  Wolffian  duct  is  effected  by  the  junction  of  the  open 
ends  of  two  or  three  or  more  segmental  tubes  with  the  testicu- 
lar follicles,  and  the  modes  in  which  this  junction  is  effected  in 
the  higher  vertebrates  seem  to  be  derivatives  from  thi&  If  the 
views  here  expressed  are  correct  it  is  by  a  complete  change  of 
function  that  the  oviduct  has  come  to  perform  its  present  office. 
And  in  the  bird  and  higher  vertebrates  no  trace,  or  only  the 
very  slightest,  (vide  p.  46)  of  the  primitive  urinary  function 
is  retained  during  embryonic  or  adult  life. 

The  last  feature  in  the  anatomy  of  the  Selachians  which 
requires  notice  is  the  division  of  the  kidney  into  two  portions, 
an  anterior  and  posterior.  The  anatomical  similarity  between 
this  arrangement  and  that  of  higher  vertebrates  (birds,  &c.)  is  very 
striking.  The  anterior  one  precisely  corresponds,  anatomically, 
to  the  Wolffian  hody^  and  the  posterior  one  to  the  true  per- 
manent kidney  of  higher  vertebrates :  and  when  we  find  that 
in  the  Selachians  the  duct  for  the  anterior  serves  also  for  the 
semen  as  does  the  Wolffian  duct  of  higher  vei-tebrates,  this 
similarity  seems  almost  to  amount  to  identity.  A  discussion  of 
the  differences  in  development  in  the  two  cases  will  come  con- 
veniently with  the  account  of  the  bird ;  but  there  appear  to  me 
the  strongest  grounds  for  looking  upon  the  kidneys  of  Selachians 
as  equivalent  to  both  the  Wolffian  bodies  and  the  true  kidneys 
of  the  higher  vertebrates. 
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The  condition  of  the  urinogenital  organs  in  Selachians  is  by 
no  means  the  most  primitive  found  amongst  vertebrates. 

The  organs  of  both  Cyclostomous  and  Osseous  fishes,  as  well 
as  those  of  Ganoids,  are  all  more  primitive ;  and  in  the  majority 
of  points  the  Amphibians  exhibit  a  decidedly  less  differentiated 
condition  of  these  organs  than  do  the  Selachians. 

In  Cyclostomous  fishes  the  condition  of  the  urinary  system 
is  very  simple.  In  Myxine  (vide  Joh.  Midler,  Myxitwid  fishes, 
and  Wilhelm  Mliller,  Jenaische  Zeitschrift,  1875,  Das  Urogenital-' 
system  des  Amphioams  u,  cL  Cyclostomen)  there  is  a  pair  of 
ducts  which  communicate  posteriorly  by  a  common  opening 
with  the  abdominal  pore.  From  these  ducts  spring  a  series  of 
transverse  tubules,  each  terminating  in  a  Malpighian  corpuscle. 
These  together  constitute  the  mass  of  the  kidneys.  About  op- 
posite the  gall-bladder  the  duct  of  the  kidney  (the  segmental 
duct)  narrows  very  much,  and  after  a  short  course  ends  in  a 
largish  glandular  mass  (the  head-kidney),  which  communicates 
with  the  pericardial  cavity  by  a  number  of  openings. 

In  Petromyzon  the  anatomy  of  the  kidneys  is  fundamentally 
the  same  as  in  Myxine.  They  consist  of  the  two  segmental 
ducts,  and  a  number  of  fine  branches  passing  off  from  these, 
which  become  convoluted  but  do  not  form  Malpighian  tufts. 
The  head-kidney  is  absent  in  the  adult 

W.  Miiller  (toe.  cit.)  has  given  a  short  but  interesting  account 
of  the  development  of  the  urinary  system  of  Petromyzon.  He  finds 
that  the  segmental  ducts  develop  first  of  all  as  simple  involutions 
from  the  body  cavity.  The  anterior  end  of  each  then  developes  a 
glandular  portion  which  comes  to  communicate  by  a  number  of 
openings  with  the  body  cavity.  Subsequently  to  the  develop- 
ment of  this  glandular  portion  the  remainder  of  the  kidneys 
appears  in  the  posterior  portion  of  the  body  cavity ;  and  before 
the  close  of  embryonic  life  the  anterior  glandular  portion  atro- 
phica 

The  comparison  of  this  system  with  that  of  a  Selachian  is 
very  simple.  The  first  developed  duct  is  the  segmental  duct  of 
a  Selachian,  and  the  glandular  portion  developed  at  its  anterior 
extremity,  which  is  permanent  in  Myxine  but  embryonic  in 
Petromyzon,  is,  as  W.  MUller  has  rightly  recognized,  equivalent 
to  the  head-kidney  of  Amphibians,  which  remains  undeveloped 
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in  Selachians.  It  is,  according  to  my  previously  stated  view, 
the  glandular  portion  of  the  first  segmental  organ  or  the  seg- 
mental duct  The  series  of  orifices  hy  which  this  communicates 
with  the  body  cavity  are  due  to  the  division  of  the  primary 
opening  of  the  segmental  duct.  This  is  shown  both  by  the  facts 
of  their  development  in  Petromyzon  given  by  MttUer,  as  well  as 
by  the  occurrence  of  a  similar  division  of  the  primary  orifice  in 
Amphibians,  which  is  mentioned  later  in  this  paper.  In  a  note 
in  my  original  paper  {loc.  cit.)  I  stated  that  these  openings 
were  equivalent  to  the  segmental  involutions  of  Selachians. 
This  is  erroneous,  and  was  due  to  my  not  having  understood  the 
description  given  in  a  preliminary  paper  of  Mttller  {Jenaische 
Zeitschrift,  1873).  The  large  development  of  this  glandular  mass 
in  the  Cyclostome  and  Osseous  fishes  and  in  embryo  Amphibians, 
implies  that  it  must  at  one  time  have  been  important.  Its 
earlier  development  than  the  remainder  of  the  kidneys  is  pro- 
bably a  result  of  the  specialized  fimction  of  the  first  segmental 
organ. 

The  remainder  of  the  kidney  in  Cyclostomes  is  equivalent  to 
the  kidney  of  Selachians.  Its  development  from  segmental  in- 
volutions has  not  been  recognized.  If  these  segmental  involu- 
tions are  really  abdent  it  may  perhaps  imply  that  the  simplicity 
of  the  Cyclostome  kidneys,  like  that  of  so  many  other  of  their 
organs,  is  a  result  of  degeneration  rather  than  a  primitive  con- 
dition. 

In  Osseous  fishes  the  segmental  duct  of  the  kidneys  developes, 
as  the  observations  of  Rosenberg*  (**  Teleostierniere,"  Inaug, 
Disser.  B&rpat,  1867)  and  Oellacher  {Zeitsckrifl  fur  Wiaa.  Zool 
1873)  clearly  prove,  by  an  involution  from  the  body  cavity. 
This  involution  grows  backwards  in  the  form  of  a  duct  and 
opens  into  the  cloaca.  The  upper  end  of  this  duct  (the  most 
anterior  segmental  tube)  becomes  convoluted,  and  forms  a 
glandular  body,  which  has  no  representative  in  the  urinary 
apparatus  of  Selachians,  but  whose  importance,  as  indicating  the 
origin  of  the  segmental  duct  of  the  kidneys,  I  have  already  in- 
sisted upon. 

The  rest  of  the  kidney  becomes  developed  at  a  later  period, 

^  I  am  unfoitimately  only  acquainted  mth  Dr  Bosenberg'B  paper  from  an 
aVatract. 
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probably  ia  the  same  way  as  in  Selachians;  but  this^  as  far  as  I 
know,  has  not  been  made  out. 

The  segmental  duct  of  the  kidneys  forms  the  duct  for  this 
new  gland,  as  in  embryo  Selachians  (Fig.  2),  but,  unlike  what 
happens  in  Selachians,  undergoes  no  further  changes,  with  the 
exception  of  a  varying  amount  of  retrogressive  metamorphosis  of 
its  anterior  end.  The  kidneys  of  Osseous  fish  usually  extend  from 
just  behind  the  head  to  opposite  the  anus,  or  even  further  back 
than  this.  They  consist  for  the  most  part  of  a  broader  anterior 
portion,  an  abdominal  portion  reaching  from  this  to  the  anus,  and, 
as  in  those  cases  in  which  the  kidneys  extend  frirther  back  than 
the  anus,  of  a  caudal  portion. 

The  two  ducts  (segmental  ducts  of  the  kidneys)  lie,  as  a  rule, 
in  the  lower  part  of  the  kidneys  on  their  outer  borders,  and  open 
almost  invariably  into  a  urinary  bladder.  In  some  cases  they 
unite  before  opening  into  the  bladder,  but  generally  have  inde- 
pendent openings. 

This  bladder,  which  is  simply  a  dilatation  of  the  united 
lower  ends  of  the  primitive  kidney-ducts,  and  has  no  further 
importance,  is  almost  invariably  present,  but  in  many  cases  lies 
unsymmetrically  either  to  the  right  or  the  left.    It  opens  to  the  % 

exterior  by  a  very  minute  opening  in  the  genito-urinary  papilla^ 
immediately  behind  the  genital  pore.  There  are,  however,  a 
few  cases  in  which  the  generative  and  urinary  organs  have  a 
common  opening.  For  further  details  vide  Hyrtl,  DcTik.  der  k. 
Akad.  Wien,  Vol.  ii. 

It  is  possible  that  the  generative  ducts  of  Osseous  fishes  are 
derived  from  a  splitting  from  the  primitive  duct  of  the  kidney, 
but  this  is  discussed  later  in  the  paper. 

In  Osseous  fishes  we  probably  have  an  embryonic  condition 
of  the  Selachian  kidneys  retained  permanently  through  life. 

In  the  majority  of  Ganoids  the  division  of  the  segmental 
duct  of  the  kidney  into  two  would  seem  to  occur,  and  the  ventral 
duct  of  the  two  (MuUerian  duct),  which  opens  at  its  upper  end 
into  the  body-cavity,  is  said  to  serve  as  an  excretoiy  duct  for  both 
male  and  female  organs. 

The  following  are  the  more  important  facts  which  are  known 
about  the  generative  and  urinary  ducts  of  Oanoids. 
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In  Spatolaria  (vide  Hyrtl,  Geschlechts  \l  Hamwerkzeuge  bei 
den  Ganoiden,  Denkschri/ien  der  k.  Akad.  Wien,  Yol.  Tin.)  the 
following  parts  are  found  in  the  female. 

(1)  The  ovaries  stretching  along  the  whole  length  of  the 
abdominal  cavity. 

(2)  The  kidneys,  which  are  separate  and  also  extend 
along  the  greater  part  of  the  abdominal  cavity. 

(3)  The  ureters  lying  on  the  outer  borders  of  the  kidneys. 
Each  ureter  dilates  at  its  lower  end  into  an  elongated  wide  tube, 
which  continues  to  receive  the  ducts  from  the  kidneys.  The 
two  ureters  unite  before  terminating  and  open  .behind  the  anua 

(4)  The  two  oviducts  (Miillerian  ducts).  These  open 
widely  into  the  abdominal  cavity,  at  about  two-thirds  of  the 
distance  from  the  anterior  extremity  of  the  body-cavity.  Each 
opens  by  a  narrow  pore  into  the  dilated  ureter  of  its  side. 

In  the  male  the  same  parts  are  found  as  in  the  female,  but 
Hyrtl  found  that  the  Mtillerian  duct  of  the  left  side  at  its 
entrance  into  the  ureter  became  split  into  two  horns,  one  of 
which  ended  blindly.  On  the  right  side  the  opening  of  the 
Miillerian  duct  was  normal. 

In  the  Sturgeon  (vide  J.  Milller,  Bau  u.  Orenzen  d,  Gfanoiden, 
Berlin  Akad.  1844 ;  Ley  dig,  Fischen  u.  Reptilien^  and  Hyrtl, 
Gfanoiden)  the  same  parts  are  found  as  in  Spatularia. 

The  kidneys  extend  along  the  whole  length  of  the  body 
cavity;  and  the  ureter,  which  does  not  reach  the  whole  length  of 
the  kidneys,  is  a  thin-walled  wide  duct  lying  on  their  outer 
side.  On  laying  it  open  the  numerous  apertures  of  the  tubules 
for  the  kidney  are  exposed.  The  Mt&llerian  duct,  which  opens 
in  both  sexes  into  the  abdominal  cavity,  ends,  according  to 
Leydig,  in  the  cases  of  some  males,  blindly  behind  without  open- 
ing into  the  ureter,  and  Miiller  makes  the  same  statement  for 
both  sexes.  It  was  open  on  both  sides  in  a  female  specimen 
I  examined  \  and  Hyrtl  found  it  invariably  so  in  both  sexes  in  all 
the  specimens  he  examined. 

Both  Rathke  and  Stannius  (I  have  been  unable  to  refer  to 
the  original  papers)  believed  that  the  semen  was  carried  off  by 
transverse  ducts  directly  into  the  ureter,  and  most  other  ob- 
servers have  left  undecided  the  mechanism  of  the  transportation 
^  For  this  specimen  I  am  indebted  to  Dr  Giinther. 
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of  the  semen  to  the  exterior.  K  we  suppose  that  the  ducts 
Rathke  saw  really  exist  they  might  perhaps  be  supposed  to 
enter  not, directly  into  the  ureter,  but  into  the  kidney,  and 
be  in  fact  homologous  with  the  vasa  efferentia  of  the  Selachians. 
The  frequent  blind  posterior  termination  of  the  Mlillerian  duct 
is  in  favour  of  the  view  that  these  ducts  of  Rathke  are  really 
present. 

In  Polypterus  (vide  Hyrtl,  Ganoiden)  there  is,  as  in  other 
Ganoids,  a  pair  of  Mullerian  ducts.  They  unite  at  their  lower 
ends.  The  ureters  are  also  much  narrower  €han  in  previously 
described  (janoids  and,  after  coalescing,  open  into  the  united 
oviducts.  The  urinogenital  canal,  formed  by  the  coalescence  of 
the  Mlillerian  ducts  and  ureters,  has  an  opening  to  the  exterior 
immediately  behind  the  anus. 

In  Amia  (vide  Hyrtl)  there  is  a  pair  of  Mflllerian  ducts 
which,  as  well  as  the  ureters,  open  into  a  dilated  vesicle.  This 
vesicle  appears  as  a  continuation  of  the  Mullerian  ducts,  but 
receives  a  number  of  the  eCFerent  ductules  of  the  kidneys. 
There  is  a  single  genito-urinary  pore  behind  the  anus. 

In  Ceratodus  (Qtinther,  Phil.  Trans.  1871)  the  kidneys  are 
small  and  confined  to  the  posterior  extremity  of  the  abdomen.  v, 

The  generative  organs  extend  however  along  the  greater  part 
of  the  length  of  the  abdominal  cavity.  In  both  male  and 
female  there  is  a  long  Mlillerian  duct  and  the  ducts  of  the  two 
sides  unite  and  open  by  a  common  pore  into  a  urinogenital 
cloaca  which  communicates  with  the  exterior  by  the  same 
opening  as  the  alimentary  canal.  In  both  sexes  the  Mlillerian 
duct  has  a  wide  opening  near  the  anterior  extremity  of  the 
body  cavity.  The  ureters  coalesce  and  open  together  into  the 
urinogenital  cloaca  dorsal  to  the  Mullerian  ducts.  It  is  not 
absolutely  certain  that  the  semen  is  transported  to  the  exterior 
by  the  Mttllerian  duct  of  the  male,  which  is  perhaps  merely  a 
nidiment  as  in  Amphibia.  Dr  Glinther  failed  however  to  find 
any  other  means  by  which  it  could  be  carried  away. 

The  genital  ducts  of  Lepidosteus  differ  in  important  par- 
ticulars from  those  of  the  other  Ganoids  (vide  Miiller,  loc.  cit. 
and  Hyrtl,  loc,  dt). 

In  both  sexes  the  genital  ducts  are  continuous  with  the 
investments  of  the  genital  organs. 
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In  the  female  the  dilated  posterior  extremitieB  of  the  ureten 
completely  invest  for  some  distance  the  geneiatiye  dacts»  whose 
extremities  are  divided  into  several  processes,  and  end  in  a  differ- 
ent way  on  the  two  sides.  A  similar  division  and  asynunetry  of 
the  ducts  is  mentioned  hy  Hyrtl  as  occurring  in  the  male  of 
Spatularia^  and  it  seems  not  impossible  that  on  the  hypothesis 
of  the  genital  ducts  being  s^mental  tubes  these  divisions  may 
be  renmants  of  primitive  glandular  convolutions.  The  ureters  in 
both  sexes  dilate  as  in  other  Ganoids  at  their  posterior  extremi- 
ties, and  unite  with  one  another.  The  unpaired  urinogenital 
opening  is  situated  behind  the  anus*  In  the  male  the  dilated 
portion  of  the  ureters  is  divided  into  a  series  of  partitions  which 
are  not  present  in  the  female. 

Till  the  embryology  of  the  secretory  system  of  Ganoids  has 
been  worked  out,  the  homologies  of  Uieir  generative  ducts  are 
necessarily  a  matter  of  conjecture.  It  is  even  possible  that 
what  I  have  called  the  Miillerian  duct  in  the  male  is  function- 
less,  as  with  Amphibians,  but  that,  owing  to  the  true  ducts  of 
the  testis  having  been  overlooked,  it  has  been  supposed  to 
function  as  the  vas  deferens.  Giinther's  (loo,  cit.)  injection 
experiments  on  Ceratodus  militate  against  this  view,  but  I  do 
not  think  they  can  be  considered  as  conclusive  as  long  as  the 
mechanism  for  the  transportation  of  the  semen  to  the  exterior 
has  not  been  completely  made  out.  Analogy  would  certainly 
lead  us  to  expect  the  ureter  to  serve  in  Ganoids  as  the  vas 
deferens. 

The  position  of  the  generative  ducts  might  in  some  cases 
lead  to  the  supposition  that  they  are  not  Miillerian  ducts,  or,  in 
other  words,  the  most  anterior  pair  of  segmental  organs  but  a 
pair  of  the  posterior  segmental  tubes. 

What  are  the  true  homologies  of  the  generative  ducts  of 
Lepidosteus,  which  are  continuous  with  the  generative  glands, 
is  somewhat  doubtful  It  is  very  probable  that  they  may  re- 
present the  similarly  functioning  ducts  of  other  Ganoids,  but 
that  they  have  undergone  further  changes  as  to  their  anterior 
extremities. 

It  is,  on  the  other  hand,  possible  that  their  generative  ducts 
are  the  same  structures  as  those  ducts  of  Osseous  fishes,  which 
are  continuous  with  the  generative  organs.    These  latter  ducts 
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are  perhaps  related  to  the  abdominal  pores,  and  had  best  be 
considered  in  connection  with  these ;  but  a  completely  satisfiic- 
toiy  answer  to  the  questions  which  arise  in  reference  to  them 
can  only  be  given  by  a  study  of  their  development. 

In  the  Cyclostomes  the  generative  products  pass  out  by  an 
abdominal  pore,  which  communicates  with  the  peritoneal  cavity 
by  two  short  tubes  ^  and  which  also  receives  the  ducts  of  the 
kidneys. 

Gtegenbaur  suggests  that  these  are  to  be  looked  upon  as 
MtQlerian  ducts,  and  as  therefore  developed  from  the  segmental 
ducts  of  the  kidneys.  Another  possible  view  is  that  they  are  the 
primitive  extemd  openings  of  a  pair  of  segmental  organs. 
In  Selachians  there  are  usually  stated  to  be  a  pair  of  abdominal 
pores.  In  Scyllium  I  have  only  been  able  to  find,  on  each  side, 
a  large  deep  pocket  opening  to  the  exterior,  but  closed  below 
towards  the  peritoneal  cavity,  so  that  in  it  there  seem  to  be  no 
abdominal  pores'.  In  the  Greenland  Shark  {Lcemargus  Borealis) 
Professor  Turner  {Journal  of  Anat.  and  Phya,  Vol.  viii.)  failed 
to  find  either  oviduct  or  vas  deferens,  but  found  a  pair  of  large 
open  abdominal  pores,  which  he  believes  serve  to  cany  away 
the  generative  products  of  both  sexes.  Whether  the  so-called 
abdominal  pores  of  Selachians  usually  end  blindly  as  in  Scyl- 
lium, or,  as  is  commonly  stated,  open  into  the  body  cavity,  there 
can  be  no  question  that  they  are  homologous  with  true  abdo- 
minal pores. 

The  blind  pockets  of  Scyllium  appear  very  much  like  the 
remains  of  primitive  involutions  from  the  exterior,  which  might 
easily  be  supposed  to  have  formed  the  external  opening  of  a 
pair  of  segmental  organs,  and  this  is  probably  the  true  meaning 
of  abdominal  porea  The  presence  of  abdominal  pores  in  all 
Ganoids  in  addition  to  true  genital  ducts  and  of  these  pockets 
or  abdominal  pores  in  Selachians,  which  are  almost  certainly 

^  Aooording  to  MUUer  (My«tti<>idefH  1S45)  there  is  in  MTzine  an  abdo^ 
with  two  short  canals  leading  into  it,  and  Yogt  and  Pappenheim  (An.  Sci,  NaL 
Part  lY.  YoL  XI.)  state  that  in  Petromyzon  there  are  two  snoh  pores,  each  oon- 
neeted  with  a  short  canaL 

*  My  own  rough  examination  of  preserved  specimens  was  hardly  sufficient  to 
enable  me  to  determine  for  certain  the  presenoe  or  absence  of  these  pores.  Mr 
Bridge,  of  TrinitT  College,  has,  however,  since  then  commenced  a  series  of  in- 
vestigations on  this  point,  and  informs  me  that  these  pores  are  certainly  absent 
in  BeyUinm  as  weU  as  in  other  genera. 
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homologous  with  the  abdominal  pores  of  Ghmoids  and  Cydostomes, 
and  also  occor  in  addition  to  true  MliUerian  ducti^  speak 
strongly  against  the  view  that  the  abdominal  pores  have  any 
relation  to  MliUerian  ducts.  Probably  therefore  the  abdominal 
pores  of  the  Cydostomous  fishes  (which  seem  to  be  of  the  same 
character  as  other  abdominal  pores)  are  not  to  be  looked  on  as 
rudimentary  Miillerian  ducts. 

We  next  come  to  the  question  which  I  reserved  while 
speaking  of  the  kidneys  of  Osseous  fishes,  as  to  the  meaning  of 
their  genital  ducts. 

In  the  female  Salmon  and  the  male  and  female  Eel,  the 
geneiatiye  products  are  carried  to  the  exterior  by  abdominal  pores, 
and  there  are  no  true  generative  ducts.  In  the  case  of  most 
other  Osseous  fish  there  are  true  generative  ducts  which  are 
continuous  with  the  iavestment  of  the  generative  organs*  and 
have  generally,  though  not  always,  an  opening  or  openings  inde* 
pendent  of  the  ureter  dose  behind  the  rectum,  but  no  abdominal 
pores  are  present.  It  seems,  therefore,  that  in  Osseous  fish  the 
generative  ducts  are  complementary  to  abdominal  pores,  which 
might  lead  to  the  view  that  the  generative  ducts  were  formed 
by  a  coalescence  of  the  investment  of  the  generative  glands 
with  the  short  duct  of  abdominal  pore. 

Against  this  view  there  are,  however,  the  following  facts : 

(1)  In  the  cases  of  the  salmon  and  the  eel  it  is  perfectly 
true  that  the  abdominal  pore  exactly  corresponds  with  the 
opening  of  the  genital  duct  in  other  Osseous  fishes,  but  the 
absence  of  genital  ducts  in  these  cases  must  rather  be  viewed, 
as  Vogt  and  Pappenheim  (loc.  cU.)  have  already  insisted,  as  a 
case  of  degeneration  than  of  a  primitive  condition.  The  presence 
of  genital  ducts  in  the  near  allies  of  the  Salmonidse,  and  even  in 
the  male  salmon,  are  conclusive  proofi9  of  this.  If  we  admit 
that  the  presence  of  an  abdominal  pore  in  Salmonidad  is  merely 

1  The  deBcription  of  the  attaohxnent  of  the  vae  deferens  to  the  testie  in  the 
Carp  gi^en  by  Vogt  and  Pappenheim  {Ann,  Seien.  Nat.  1869)  does  not  agree  with 
what  I  found  in  the  Pereh  iPerea  fluvialii).  The  walls  of  the  daot  are  in  the 
Perch  oontinnons  with  the  inTestment  of  the  testis,  and  the  gland  of  the  testis 
oeeapies,  as  it  were,  the  greater  part  of  the  dnot ;  there  is,  however,  a  distinct 
easwify  conesponding  to  what  Vogt  and  P.  call  the  dnot,  near  the  border  of 
attaehment  of  the  tMtis  into  whioh  the  seminal  tnbnles  open.  I  oonld  find  at 
the  posterior  end  of  the  testis  no  central  cayitj  which  conld  be  distingnished  from 
the  eavity  of  this  dnct. 

a— 2 
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a  result  of  degeneration,  it  obviously  cannot  be  used  as  an  argu- 
ment for  the  complementary  nature  of  abdominal  pores  and 
generative  ducts. 

(2)  Hyrtl  {Denkschriften  der  k.  Akad.  Wien,  Vol.  i.)  states 
that  in  Mormyrus  oxyrynchus  there  is  a  pair  of  abdominal 
pores  in  addition  to  true  generative  ducts.  If  bis  statements 
are  correct,  we  have  a  strong  argument  against  the  generative 
ducts  of  Osseous  fishes  being  related  to  abdominal  pores.  For 
though  this  is  the  solitary  instance  of  the  presence  of  both  a 
genital  opening  and  abdominal  pores  known  to  me  in  Osseous 
fishes,  yet  we  have  no  right  to  assume  that  the  abdominal  pores 
of  Mormyrus  are  not  equivalent  to  those  of  Ganoids  and  Se- 
lachians. It  must  be  admitted,  with  Qegenbaur,  that  embry- 
ology alone  can  elucidate  the-  meaning  of  the  genital  ducts  of 
Osseous  fishes. 

In  Lepidosteus,  as  was  before  mentioned,  the  generative 
ducts,  though  continuous  with  the  investment  of  the  generative 
bodies,  unite  with  the  ureters,  and  in  this  differ  from  the 
generative  ducts  of  Osseous  fishes.  The  relation,  indeed,  of 
the  generative  ducts  of  Lepidosteus  to  the  urinary  ducts  is  very 
similar  to  that  existing  in  other  Ganoid  fishes ;  and  this,  coupled 
with  the  fact  that  Lepidosteus  possesses  a  pair  of  abdominal 
pores  on  each  side  of  the  anus\  makes  it  most  probable  that  its 
generative  ducts  are  true  Miillerian  ducts. 

In  the  Amphibians  the  urinary  system  is  again  more  primi- 
tive than  in  the  Selachians. 

The  segmental  duct  of  the  kidneys  is  formed*  by  an  elongated 
fold  arising  from  the  outer  wall  of  the  body  cavity,  in  the  same 
position  as  in  Selachians.  This  fold  becomes  constricted  into  a 
canal,  closed  except  at  its  anterior  end,  which  remains  open  to  the 
body  cavity.  This  anterior  end  dilates,  and  grows  out  into  two 
horns,  and  at  the  same  time  its  opening  into  the  body  cavity 
becomes  partly  constricted,  and  so  divided  into  three  separate 

1  ThiB  is  mentioned  by  MfiUer  (Ganoid  fUh$$,  Berlin  Akad.  1844),  Hyrti  Ooe. 
ett.),  and  Giinther  (loe,  ct£.),  and  throngfa  the  eonrtesy  of  Dr  GUnther  I  have  nad 
an  opportunity  of  confirming  the  faet  of  the  presence  of  the  abdominal  pores  on 
two  specimens  of  Lepidosteus  in  the  British  Mnsemn. 

*  My  account  of  the  development  of  these  parts  in  Amphibians  is  derived  for 
the  most  part  from  Gotte,  IHe  EntwiekeUingigeechichU  der  Unke, 


THE  UBINOOENITAL  OBQANS  OF  VERTEBRATES.  37 

orifices,  one  for  eacb  horn  and  a  central  one  between  the  two. 
The  horns  become  convoluted,  blood  channels  appearing  between 
their  convolutions,  and  a  special  coil  of  vessels  is  formed  arising 
from  the  aorta  and  projecting  into  the  body  cavity  near  the 
openings  of  the  convolutions.  These  formations  together  con- 
stitute the  glandular  portion^  of  the  original  anterior  segmental 
tube  or  segmental  duct  of  the  kidneys.  I  have  already  pointed 
out  the  similarity  which  this  organ  exhibits  to  the  head-kidneys 
of  Cyclostome  fishes  in  its  mode  of  formation,  especially  with 
reference  to  the  division  of  the  primitive  opening.  The  lower 
end  of  the  segmental  duct  unites  with  a  horn  of  the  cloaca. 

After  the  formation  of  the  gland  just  described  the  re- 
mainder of  the  kidney  is  formed. 

This  arises  in  the  same  way  as  in  Selachians.  A  series  of 
involutions  from  the  body  cavity  are  developed  ;  these  soon  form 
convoluted  tubes,  which  become  branched  and  interlaced  with 
one  another,  and  also  unite  with  the  primitive  duct  of  the 
kidneys.  Owing  to  the  branching  and  interlacing  of  the  primi- 
tive segmental  tubes,  the  kidney  is  not  divided  into  distinct 
segments  in  the  same  way  as  with  the  Selachians.  The  mode 
of  development  of  these  segmental  tubes  was  discovered  by 
Gotte.  Their  openings  are  ciliated,  and,  as  Spengel  {loc.  cit)  and 
Meyer  {loc.  cit.)  have  independently  discovered,  persist  in  most 
adult  Amphibians.  As  both  these  investigators  have  pointed 
out,  the  segmental  openings  are  in  the  adult  kidneys  of  most 
Amphibians  far  more  niuneroas  than  the  vertebral  segments  to 
which  they  appertain.  This  is  due  to  secondary  changes,  and  is 
not  to  be  looked  upon  as  the  primitive  state  of  things.  At  this 
stage  the  Amphibian  kidneys  are  nearly  in  the  same  condition 
as  the  Selachian,  in  the  stage  represented  in  Fig.  2.  In  both 
there  is  the  segmental  duct  of  the  kidneys,  which  is  open  in  front, 
communicates  with  the  cloaca  behind,  and  receives  the  whole 
secretion  from  the  kidneys.  The  parallelism  between  the  two 
is  closely  adhered  to  in  the  subsequent  modifications  of  the 
Amphibian  kidney,  but  the  changes  are  not  completed  so  far  in 

^  liiB  called  Eopfniere  (head-kidiiey) ,  or  Umiere  (primitiye  kidney) ,  by  German 
anthors.  Leydig  correetly  looks  npon  it  as  together  with  the  permanent  kidney 
eonstitnting  the  Umiere  d  Amphibians.  The  term  Umiere  is  one  irhich  has 
arisen  in  my  opinion  from  a  misconception;  bnt  certainly  the  Eopfniere  has  no 
greater  right  to  the  appeUation  than  the  remainder  of  the  kidney. 
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AmpbibiaDs  as  in  Selacbians.  The  segmental  duct  of  the 
Amphibian  kidney  becomes,  as  in  Selachians,  split  into  a  Miil- 
lerian  duct  or  oviduct,  and  a  Wolffian  duct  or  duct  for  the 
kidney. 

The  following  points  about  this  are  noteworthy  : 

(1)  The  separation  of  the  two  ducts  is  never  completed,  so 
that  they  are  imited  together  behind,  and,  for  a  short  distance, 
blend  and  form  a  common  duct ;  the  ducts  of  the  two  sides  so 
formed  also  unite  before  opening  to  the  exterior. 

(2)  The  separation  of  the  two  ducts  does  not  occur  in  the 
form  of  a  simple  splitting,  as  in  Selachians.  But  the  efferent 
ductules  from  the  kidney  gradually  alter  their  points  of  entrance 
into  the  primitive  duct.  Their  points  of  entrance  become 
carried  backwards  further  and  further,  and  since  this  process 
affects  the  anterior  ducts  proportionally  more  than  the  posterior, 
the  efferent  ducts  finally  all  meet  and  form  a  common  duct 
which  unites  with  the  Mtdlerian  duct  near  its  posterior  extremity. 
This  process  is  not  always  carried  out  with  equal  completeness. 
In  the  tailless  Amphibians,  however,  the  process  is  generally^ 
completed,  and  the  ureters  (Wolffian  ducts)  are  of  considerable 
length.  Bufo  cinereus,  in  the  male  of  which  the  Mullerian 
ducts  are  very  conspicuous,  serves  as  an  excellent  example  of 
this. 

In  the  Salamander  (Salamandra  maculosa).  Figs.  6  and  7,  the 
process  is  carried  out  with  greater  completeness  in  the  female 
than  in  the  male,  and  this  is  the  general  rule  in  Amphibiana 
In  the  male  Proteus,  the  embryonic  condition  would  seem 
to  be  retained  almost  in  its  completeness  so  that  the  ducts  of 
the  kidney  open  directly  and  separately  into  the  still  persisting 
primitive  duct  of  the  kidney.  The  upper  end  of  the  duct 
nevertheless  extends  some  distance  beyond  the  end  of  the 
kidney  and  opens  into  the  abdominal  cavity.  In  the  female 
Proteus,  on  the  other  hand,  the  separation  into  a  Mullerian  duct 
and  a  ureter  is  quite  complete.  The  Newt  (Triton)  also  serves 
as  an  excellent  example  of  the  formation  of  distinct  Miillerian 
and  Wolffian  ducts  being  much  more  complete  in  the  female 

1  In  BombinAtor  igneoB,  Von  Wittioh  Biated  that  the  embiyonio  oondition 
was  retained.  Leydig,  Anatom,  d.  AmpMb,  u,  RefHlien,  shewed  that  this  is  not 
the  case,  but  that  in  uie  male  the  Miillerian  duet  is  very  small,  though  distinct* 
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than  the  male.  In  the  female  Newt  aU  the  tubules  from  the 
kidney  open  into  a  duct  of  some  length  which  unites  with  the 
Miillerian  duct  near  its  termination,  but  in  the  male  the  anterior 
segmental  tubes,  including  those  which,  as  will  be  afterwards 
seen,  serve  as  vasa  efferentia  of  the  testis,  enter  the  Miillerian 
duct  directly,  while  the  posterior  unite  as  in  the  female  into  a 
common  duct  before  joining  the  Miillerian  duct.  For  further 
details  as  to  the  variations  exhibited  in  the  Amphibians,  the 
reader  is  referred  to  Leydig,  Anat.  UntermuJiung,  Fiachen  u. 
JReptiUerL  Ditto,  Leha-Jmch  der  Histologie,  Menschen  u.  Thiere. 
Von  Wittich,  Siebold  u.  KoUiker,  ZeUschrift,  Vol.  iv.  p.  125. 

The  different  conditions  of  completeness  of  the  Wolffian 
ducts  observable  amongst  the  Amphibians  are  instructive  in 
reference  to  the  manner  of  development  of  the  Wolffian  duct 
in  Selachians.  The  mode  of  division  in  the  Selachians  of  the 
segmental  duct  cxf  the  kidney  into  a  Miillerian  and  Wolffian 
duct  is  probably  to  be  looked  upon  as  an  embryonic  abbre- 
viation of  the  process  by  which  these  two  ducts  are  formed  in 
Amphibians.  The  fact  that  this  separation  into  MUllerian  and 
Wolffian  ducts  proceeds  further  in  the  females  of  most  Amphi- 
bians than  in  the  males,  strikingly  shows  that  it  is  the  oviductal 
function  of  the  MtUlerian  duct  which  is  the  indirect  cause  of  its 
separation  from  the  Wolffian  duct.  The  Miillerian  duct  formed 
in  the  way  described  persists  almost  invariably  in  both  sexes, 
and  in  the  male  sometimes  functions  as  a  sperm  reservoir; 
e.g.  Bufo  cinereus.  In  the  embryo  it  carries  at  its  upper  end 
the  glandular  mass  described  above  (Kopfniere),  but  this  gene- 
rally atrophies  though  remnants  of  it  persist  in  the  males  of 
some  species  {e.g.  Salamandra)-  Its  anterior  end  opens,  in  most 
cases  by  a  single  opening,  into  the  perivisceral  cavity  in  both 
sexes,  and  is  usually  ciliated.  As  the  female  reaches  maturity, 
the  oviduct  dilates  very  much ;  but  it  remains  thin  and  incon- 
spicuous in  the  male. 

The  only  other  developmental  change  of  importance  is  the 
connection  of  the  testes  with  the  kidneys.  This  probably 
occurs  in  the  same  manner  as  in  Selachians,  viz.  from  the 
junction  of  the  open  ends  of  the  segmental  tubes  with  the 
follicles  of  the  testes.  In  any  case  the  vessels  which  carry  off 
the  semen   constitute  part  of  the  kidney,  and   the   efferent 
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duct  of  the  testis  is  also  that  of  the  kidney.  The  vasa  effe- 
rentia  from  the  testis  either  pass  through  one  or  two  nearly 
isolated  anterior  portions  of  the  kidney  (Proteus,  Triton)  or 
else  no  such  special  portion  of  the  kidney  becomes  separated 
from  the  rest,  and  the  vasa  efferentia  enter  the  general  body 
of  the  kidney. 

Fig.  6. 

DuosAM  or  THB  Ubimooxmital  Oboams  of  a  Malb  Salaxakdxb. 
{Copied  from  Leydig's  HUtologie  des  Mensehen  u,  der  Thiere.) 


md,   Miill6r*8  duet  (mdimentazy) ;       y.  remnant  of  the  secretory  portion 
of  the  segmental  dnet  Kopfniere ;  WcL   Wolffian  duct ;    a  less   complete 

Btmoiiire  in  the  nude  than  in  the  female ;  «(.  segmental  tnbes  or  kidney. 
The  openings  of  these  into  the  body-cayi^  are  not  inserted  in  the  figure ; 
U  testis.    Its  efferent  ducts  form  part  of  the  kidney. 

In  the  male  Amphibian,  then,  the  urinogenital  system 
consists  of  the  following  parts  (Fig.  6)  : 

(1)  Rudimentary  MtQlerian  ducts,  opening  anteriorly  into 
the  body  cavity,  which  sometimes  carry  aborted  Kapfnieren* 

(2)  The  partially  or  completely  formed  Wolffian  ducts 
(ureters)  which  also  serve  as  the  ducts  for  the  testes, 

(3)  The  kidneys,  parts  of  which  also  serve  as  the  vasa 
efferentia,  and  whose  secretion,  together  with  the  testicular 
products,  is  carried  off  by  the  Wolffian  ducts. 

(4)  The  united  lower  parts  of  Wolffian  and  MuUerian  ducts 
which  are  really  the  lower  unsplit  part  of  the  segmental  ducts 
of  the  kidneys. 

In  the  female,  there  are  (Fig.  7) 

(1)  The  MUllerian  ducts  which  function  as  the  oviducts. 

(2)  The  Wolffian  ducts. 

(3)  The  kidneys. 

(4)  The  united  Mullerian  and  Wolffian  ducts  as  in  the 
male. 
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Pig.  7. 

DlAOBAK   or  ZHB    UbDIOOSHIXAL    OBOUfg   OF  A   FSMALS   SaLAJIAHDBB. 

{Ccpied  from  Leydig'i  Hutologie  de$  Memehen  u.  der  TkUre.) 


\/ 


/  \. 


V 


X) 


X 


Md,  Muller'8  duet  or  oviduct ;        Wd.   WoUBan  duet  or  the  daot  of  tba 
kidneys ;  it.  segmental  tabes  or  kidney.    The  openings  of  these  into  the 

body-cATity  are  not  inserted  in  the  figure ;       o.  ovary. 

The  urinogenital  organs  of  the  adult  AmphibiaoB  agree  in 
almost  all  essential  particulars  with  those  of  Selachians.  The 
ova  are  carried  off  in  both  by  a  specialized  oviduct  The 
Wolffian  duct,  or  ureter,  is  found  both  in  Selachians  and 
Amphibians,  and  the  relations  of  the  testis  to  it  are  the  same 
in  both,  the  vasa  efferentia  of  the  testes  having  in  both  the  same 
anatomical  peculiarities. 

The  following  points  are  the  main  ones  in  which  Selachians 
and  Amphibians  differ  as  to  the  anatomy  of  the  urinogenital 
organs ;  and  in  all  but  one  of  these,  the  organs  of  the  Amphibian 
exhibit  a  less  differentiated  condition  than  do  those  of  the 
Selachian. 

(1)  A  glandular  portion  (Kopfhiere)  belonging  to  the  first 
segmental  organ  (segmental  duct  of  the  kidneys)  is  found  in  all 
embryo  Amphibians,  but  usually  disappears,  or  only  leaves  a 
remnant  in  the  adult.  It  Ifas  not  yet  been  found  in  any  Se- 
lachian. 

(2)  The  division  of  the  primitive  duct  of  the  kidney  into 
the  MliUerian  duct  and  the  Wolffian  duct  is  not  completed  so 
far  in  Amphibians  as  Selachians,  and  in  the  former  the  two 
ducts  are  confluent  at  their  lower  ends. 

(3)  The  permanent  kidney  exhibits  in  Amphibians  no 
distinction  into  two  glands  (foreshadowing  the  Wolffian  bodies 
and  true  kidneys  of  higher  vertebrates),  as  it  does  in  the 
Selachians. 
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(4)  The  Miillerian  duct  persists  in  its  entity  in  male 
Amphibians,  but  only  its  upper  end  remains  in  male  Selachians. 

(5)  The  openings  of  the  segmental  tubes  into  the  body 
cavity  correspond  in  number  with  the  vertebral  segments  in 
most  Selachians,  but  are  far  more  numerous  than  these  in 
Amphibians.  This  is  the  chief  point  in  which  the  Amphibian 
kidney  is  more  differentiated  than  the  Selachian. 

The  modifications  in  development  which  the  urinogenital 
system  has  suffered  in  higher  vertebrates  (Sauropsida  and  Mam- 
malia) are  very  considerable;  nevertheless  it  appears  to  me  to 
be  possible  with  fair  certainty  to  trace  out  the  relationship  of 
its  various  parts  in  them  to  those  found  in  the  Ichthyopsida. 
The  development  of  urinogenital  organs  has  been  far  more  fully 
worked  out  for  the  bird  than  for  any  other  member  of  the 
amniotic  vertebrates;  but,  as  far  as  we  know,  there  are  no  essen- 
tial variations  except  in  the  later  periods  of  development 
throughout  the  division.  These  later  variations,  concerning  for 
the  most  part  the  external  apertures  of  the  various  ducts,  are  so 
well  known  and  have  been  so  fully  described  as  to  require  no 
notice  here.  The  development  of  these  parts  in  the  bird  wiU 
therefore  serve  as  the  most  convenient  basis  for  comparison. 

In  the  bird  the  development  of  these  parts  begins  by  the 
appearance  of  a  column  of  cells  on  the  upper  surface  of  the 
intermediate  cell-mass  (Fig.  8,  W.d,).  As  in  Selachians,  the  in- 
termediate cell-mass  is  a  group  of  cells  between  the  outer  edge  of 
the  protovertebrflB  and  the  upper  end  of  the  body  cavity.  The 
column  of  cells  thus  formed  is  the  commencement  of  the  duct  of 
the  Wolffian  body.  Its  development  is  strikingly  similar  to  that 
of  the  segmental  duct  of  the  kidney  in  Selachians.  I  shall 
attempt  when  I  have  given  an  account  of  the  development  of 
the  Miillerian  duct  to  speak  of  the  relations  between  the  Se- 
lachian duct  and  that  of  the  bird. 

Bomiti  {Archivf,  Micr.  AnatSVol,  X.)  has  recently  stated  that 
the  Wolffian  duct  developes  as  an  involution  hova  the  body  cavity. 
The  fact  that  the  specimens  drawn  by  Romiti  to  support  this  view 
are  too  old  to  determine  such  a  point,  and  the  inspection  of  a 
number  of  specimens  made  by  my  friend  Mr  Adam  Sedgwick 
of  Trinity  College,  who,  at  my  request  has  been  examining  the 


^^  THE  UBDrOOnnUL  OBOANS  of  TEBTEBIUTBi.  43 


^ 


A.  epiblut;  B.  mesoblut;  C.  hjpoblait ;  Me.  mednllarj  MUkI; 
Fv.  Protovertelms  ;  Wd.  Wolfflui  dnot ;  So.  Sonutopleim ;  Bp.  Bpluioh- 
noplenie ;  pp.  {denroperitoiiMl  mti^  ;  eh,  notoohoM ;  no.  <U«Mkl  Aorta ; 
r.   blood-Tenelf. 

urinogeiiital  organs  of  the  fowl,  liave  led  me  to  the  conclusion 
that  Bomiti  is  in  error  in  differing  from  his  predecewore  as  to 
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the  development  of  the  Wolffian  dnct.  The  solid  string  of  cells 
to  form  the  Wolffian  duct  lies  at  first  close  to  the  epiblast,  but, 
by  the  alteration  in  shape  which  the  protovertebrse  undergo 
and  the  general  growth  of  cells  around  it,  becomes  gradually 
carried  downwards  till  it  lies  close  to  the  germinal  epithelium 
which  lines  the  body  cavity.  While  undergoing  this  change  of 
position  it  also  acquires  a  lumen,  but  ends  blindly  both  in  front 
and  behind.  Towards  the  end  of  the  fourth  day  the  Wolffian 
duct  opens  into  a  horn  of  the  cloaca.  The  cells  adjoining  its 
inner  border  commence,  as  it  passes  down  on  the  third  day,  to 
undergo  histological  changes,  which,  by  the  fourth  day,  result 
in  the  formation  of  a  series  of  ducts  and  Malpighian  tufts  which 
form  the  mass  of  the  Wolffian  body*.  ^^^ 

The  Mttllerian  duct  arises  in  the  form  of  an  involution, 
whether  at  first  solid  or  hollow,  of  the  germinal  epithelium, 
and,  as  I  am  satisfied,  quite  independently  of  the  Wolffian 
duct.  It  is  important  to  notice  that  its  posterior  end  soon 
unites  with  the  Wolffian  duct,  from  which  however  it  not  long 
after  becomes  separated  and  opens  independently  into  the  cloaca. 
The  upper  end  remains  permanently  open  to  the  body-cavity, 
and  is  situated  nearly  opposite  the  extreme  front  end  of  the 
Wolffian  body. 

Between  the  80th  and  100th  hour  of  incubation  the  ducts 
of  the  permanent  kidneys  begin  to  make  their  appearance. 
Near  its  posterior  extremity  each  Wolffian  duct  becomes 
expanded,  and  from  the  dorsal  side  of  this  portion  a  diverticu- 
lum is  constricted  off,  the  blind  end  of  which  points  forwards. 
This  is  the  duct  of  the  permanent  kidneys  and  around  its  end 
the  kidneys  are  found.  It  is  usually  stated  that  the  tubules  of 
the  permanent  kidneys  arise  as  outgrowths  from  the  duct,  but 
this  requires  to  be  worked  over  again. 

The  condition  of  the  urinogenital  system  in  birds  immedi- 
ately after  the  formation  of  the  permanent  kidneys  is  strikingly 
similar  to  its  permanent  condition  in  adult  Selachians.  There 
is  the  Mttllerian  duct  in  both  opening  in  front  into  the  body 

1  This  aoeoiint  of  the  origin  of  the  Wolffian  body  differs  from  that  given  l]j 
Waldcnrer,  and  by  I>r  Foster  and  myaelf  {ElemenU  of  Embryology,  Foster  and  Bal- 
four), bat  I  have  been  led  to  alter  my  view  from  an  inspection  of  Bir  Sedgwiok's 
preparations,  and  I  hope  to  show  that  theoretical  considerations  lead  to  the 
expectation  that  the  Wolffian  body  vroxdd  deyelop  independently  of  the  duct 
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cavity  and  behind  into  the  cloaca.  In  both  the  kidneys 
consist  of  two  parts — an  anterior  and  posterior — which  have 
been  called  respectively  Wolffian  bodies  and  permanent  kidneys 
in  birds  and  Leydig's  glands  and  the  kidneys  in  Selachians. 

The  duct  of  the  permanent  kidney,  which  at  first  opens  into 
that  of  the  Wolffian  body,  subsequently  becomes  further  split 
off  from  the  Wolffian  duct,  and  opens  independently  into  the 
cloaca. 

The  subsequent  changes  of  these  parts  are  different  in  the 
two  sexes. 

In  the  female  the  Miillerian  ducts  ^  persist  and  become 
the  oviducta  Their  anterior  ends  remain  open  to  the  body- 
cavity.  The  changes  in  their  lower  ends  in  the  various  orders 
of  Sauropsida  and  Mammalia  are  too  well  known  to  require 
repetition  here.  The  Wolffian  body  and  duct  atrophy:  there  are 
left  however  in  many  cases  slight  remnants  of  the  anterior  ex- 
tremity of  the  body  forming  the  parovarium  of  the  bird,  and  also 
frequently  remnants  of  the  posterior  portion  of  the  gland  as  well 
as  of  the  duct.  The  permanent  kidney  and  its  duct  remain 
unaltered. 

In  the  male  the  Miillerian  duct  becomes  almost  completely 
obliterated.  The  Wolffian  duct  persists  and  forms  tiie  vas 
deferens,  and  the  anterior  so-called  sexual  portion  of  the 
Wolffian  body  also  persists  in  an  altered  form.  Its  tubules 
unite  with  the  seminiferous  tubules  and  also  form  the  epidi- 
dymis. Unimportant  remnants  of  the  posterior  part  of  the 
Wolffian  body  also  persist,  but  are  without  function.  In  both 
sexes  the  so-called  permanent  kidneys  form  the  sole  portion  of 
the  primitive  uriniferous  system  which  persists  in  the  adult. 

In  considering  the  relations  between  the  modes  of  develop- 
ment of  the  urinogenital  organs  of  the  bird  and  of  the  Selach- 
ians, the  first  important  point  to  notice  is,  that  whereas  in  the 
Selachians  the  segmental  duct  of  the  kidneys  i»  first  developed 
and  subsequently  becomes  split  into  the  Miillerian  and  Wolffian 
ducts ;  in  the  bird  these  two  ducts  develope  independently.  This 
difference  in  development  would  be  more  accurately  described 
by  saying  that  in  birds  the  segmental  duct  of  the  kidneys 

^  The  ri^t  cmdnet  airophies  in  birds,  and  the  left  alone  perBiata  in  the  adolt. 
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developes  as  in  Selachians,  but  that  the  MUllerian  duct 
developes  iudependently  of  it. 

Since  in  Selachians  the  Wolffian  duct  is  equivalent  to  the 
segmental  duct  of  the  kidneys  with  the  MlUlerian  removed  from 
it,  when  in  birds  the  Miillerian  duct  developes  independently  of 
the  segmental  kidney  duct,  the  latter  becomes  the  same  as  the 
Wolffian  duct. 

The  second  mode  of  stating  the  difference  in  development 
in  the  two  cases  represents  the  embryological  £Etcts  of  the  bird  &r 
better  than  the  other  method. 

It  explains  why  the  Wolffian  duct  appears  earlier  than 
the  Miillerian  and  not  at  the  same  time,  as  one  might  expect 
according  to  the  other  way  of  stating  the  case.  If  the  Wolffian 
duct  is  equivalent  to  the  segmental  duct  of  Selachians,  it 
must  necessarily  be  the  first  duct  to  develope ;  and  not  impro- 
bably the  development  of  the  MuUerian  duct  would  in  birds 
be  expected  to  occur  at  the  time  corresponding  to  that  at 
which  the  primitive  duct  in  Selachians  became  split  into  two 
ducts. 

It  probably  also  explains  the  similarity  in  the  mode  of  de- 
velopment of  the  Wolffian  duct  in  birds  and  the  primitive  duct 
of  the  kidneys  in  Selachians. 

This  way  of  stating  the  case  is  also  in  accordance  with  theo- 
retical conclusions.  As  the  ^g-bearing  function  of  the  MUl- 
lerian duct  became  more  and  more  confinned  we  might  expect 
that  the  adult  condition  would  impress  itself  more  and  more 
upon  the  embryonic  development^  till  finally  the  Mullerian  duct 
ceased  to  be  at  any  period  connected  with  the  kidneys,  and  the 
history  of  its  origin  ceased  to  be  traceable  in  its  development. 
This  seems  to  have  actually  occurred  in  the  higher  vertebrates, 
so  that  the  only  persisting  connection  between  the  Mullerian 
duct  and  the  urinary  system  is  the  brief  but  important  junction 
of  the  two  at  their  lower  ends  on  the  sixth  or  seventh  day.  This 
junction  justly  surprised  Waldeyer  {Eierstock  u.  M,  p.  129),  but 
receives  a  complete  and  satisfactory  explanation  on  the  hypo- 
thesis given  above. 

The  original  development  of  the  segmental  tubes  is  in  the 
bird  solely  retained  in  the  tubules  of  the  Wolffian  body  arising 
independently  of  the  Wolffian  duct,  and  I  have  hitherto  failed 
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to  find  that  there  is  a  distinct  division  of  the  Wolffian  bodies 
into  segments  coiresponding  with  the  vertebral  segments. 

I  have  compared  the  permanent  kidneys  to  the  lower  portion 
of  the  kidneys  of  Selachians.  The  identity  of  the  anatomical 
condition  of  the  adult  Selachian  and  embryonic  bird  which  has 
been  already  pointed  out  speaks  strongly  in  favour  of  this  view ; 
and  when  we  farther  consider  that  the  duct  of  the  permanent 
kidneys  is  developed  in  nearly  the  same  way  as  the  supposed 
homologous  duct  in  Selachians,  the  suggested  identity  gains 
further  support.  The  only  difficulty  is  the  fact  that  in  Sela- 
chians the  tubules  of  the  part  of  the  kidneys  under  com- 
parison develope  as  s^mental  involutions  in  point  of  time 
anteriorly  to  their  duct,  while  in  birds  they  develope  in  a  manner 
not  hitherto  certainly  made  out  but  apparently  in  point  of  time 
posteriorly  to  their  duct.  But  when  the  immense  modifications 
in  development  which  the  whole  of  the  gland  of  the  excretory 
organ  has  undergone  in  the  bird  are  considered,  I  do  not  think 
that  the  fact  I  have  mentioned  can  be  brought  forward  as  a 
serious  difficulty. 

The  further  points  of  comparison  between  the  Selachian  and 
the  bird  are  very  simple.  The  Mtillerian  duct  in  its  later  stages 
behaves  in  the  higher  vertebrates  precisely  as  in  the  lower.  It 
becomes  in  fact  the  oviduct  in  the  female  and  atrophies  in  the 
male.  The  behaviour  of  the  Wolffian  duct  is  also  exactly  that 
of  the  duct  which  I  have  called  the  Wolffian  duct  in  Ichthyop- 
sida,  and  in  the  tubules  of  the  Wolffian  body  tmiting  with  the 
tubuli  seminiferi  we  have  represented  the  junction  of  the 
s^mental  tubes  with  the  testis  in  Selachians  and  Amphibians. 
It  is  probably  this  junction  of  two  independent  organs  which 
led  Waldeyer  to  the  erroneous  view  that  the  tubuli  seminiferi 
were  developed  from  the  tubules  of  the  Wolffian  body. 

With  the  bird  I  conclude  the  history  of  the  origin  of  the 
urinogenital  system  of  vertebrates.  I  have  attempted,  and  I 
hope  succeeded,  in  tracing  out  by  the  aid  of  comparative  anatomy 
and  embryology  the  steps  by  which  a  series  of  independent  and 
simple  s^mental  organs  like  those  of  Annelids  have  become 
converted  into  the  complicated  series  of  glands  and  ducts  which 
constitute  the  urinogenital  system  of -the  higher  vertebrates. 
There  are  no  doubt  some  points  which  require  further  eluci- 
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dation  amongst  the  Ganoid  and  Osseous  fishes.  The  most 
important  points  which  appear  to  me  still  to  need  further 
research,  both  embryological  and  anatomical,  are  the  abdominal 
pores  of  fishes,  the  generative  ducts  of  Qanoids,  especially  Lepi- 
dosteus,  and  the  generative  ducts  of  Osseous  fishe& 

'**"*^  The  only  further  point  which   requires   discussion   is  the 

embryonic  layer  from  which  these  organs  are  derived. 

I  have  shown  beyond  a  doubt  {loc.  cit)  that  in  Selachians 
these  organs  are  formed  from  the  mesoblast.  The  unanimous 
testimony  of  all  the  recent  investigators  of  Amphibians  leads  to 
the  same  conclusion.  In  birds,  on  the  other  hand,  various  inves- 
tigators have  attempted  to  prove  that  these  organs  are  derived 
from  the  epiblaat.  The  proof  they  give  is  the  following :  the 
epiblast  and  mesoblast  appear  fused  in  the  region  of  the  axis 
cord.  From  this  some  investigators  have  been  led  to  the 
conclusion  that  the  whole  of  the  mesoblast  is  derived  from  the 
upper  of  the  two  primitive  embryonic  layers.  To  these  it  may 
be  replied  that,  even  granting  their  view  to  be  correct,  it  is  no 
proof  of  the  derivation  of  the  urinogenital  organs  from*  the  epi- 
blast, since  it  is  not  till  the  complete  formation  of  the  three 
layers  that  any  one  of  them  can  be  said  to  exist.  Others  look 
upon  the  fusion  of  the  two  layers  as  a  proof  of  the  passage  of 
cells  from  the  epiblast  into  the  mesoblast.  An  assumption  in 
itself,  which  however  is  followed  by  the  further  assumption  that 
it  is  from  these  epiblast  cells  that  the  urinogenital  system  is 

f  derived !    Whatever  may  have  been  the  primitive  origin  of  the 

system,  its  mesoblastic  origin  in  vertebrates  cannot  in  my 
opinion  be  denied. 

Kowalewsky  {Embryo.  Stud,  an  Vermes  u.  Anthropoda,  Mem. 
Akad.  St  Petersbourg,  1871)  finds  that  the  segmental  tubes  of 
Annelids  develope  from  the  mesoblast.  We  must  therefore  look 
upon  the  mesoblastic  origin  of  the  excretory  system  as  having 
an  antiquity  greater  even  than  that  of  vertebrates. 
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ON  ARTICULAR  CARTILAGE.    By  Alex.  Oostok,  M.D. 
Surgeon  to  the  Aberdeen  Royal  Infirmary.    (PL  i.  to  vi.) 

Abticulab  Cartilage  is  generally  looked  upon  as  a  stnicture 
which  has  few  functions,  o":!-"-  th.r:  *•   '    -  "  .  t,.,  .-' ..  t 

^  perform.    Its  value  as  a  bi  iT"  f  <i  '!..imi:«  h:/  «vn.  .^^^     i     m  ,1 

tas  a  medium  for  preventinj/^  uii'i  •♦^  r»:  tt.,r.  i-.  y,v\'  ^   «    uuiv^*^ 
sally  admitted.    But  its  'I'l.ttu.n    b«-»  hJ    ^      .    ,f  • 
vascular  system^  and  its  con^<.  i^iui    ^/.viiM."  iu  i*.    •  ».   •  <    '  •' 
stimulus  of  injury  or  of  sur^.  'iii  <  mc:  ']».-<.<.-♦ .  hsivr  !♦ 
being  regarded  as  a  tissue  ^vl..  1^  ::--»aH.  i\r.xn   7...    ;     .t 
conceded  above,  participates  only  paodively  m  phyaiologicai  and 
pathdogical  processes,  and  might,  save  for  these  functions,  have 
been  without  damage  omitted  from  the  system. 

It  seems  to  me  that  this  estimate  of  its  nature  and  functions 
has  been  the  cause  why  it  occupies  so  subordinate  a  place  in 
the  accounts  we  possess  of  observations  on,  and  investigations 
into,  diseases  of  joints  generally;  and  some  of  the  conclusions 
at  which  I  have  arrived  from  a  study  of  normal  and  patho- 
logical articular  cartilage  are  so  opposed  to  the  generally  received 
■  opinions,  that  I  venture  to  believe  they  will  have  some  little 

1         value  in  modifying  these  opinions,  and  enabling  us  to  form  a 
in        more  correct  estimate  of  the  forces  put  forth  by  this  structure 
r         both  in  its  physiological  and  diseased  conditions. 
I  It  will  be  conceded  that  a  knowledge  of  the  true  functions 

I  which  a  tissue  normally  possesses,  is  of  the  utmost  importance 

I  in  every  point  of  view.  It  enables  us  to  assign  it  its  just  value 
among  surrounding,  and,  it  may  be,  dissimilar  structures,  to 
rank  it  in  its  proper  place  as  one  of  the  constituent  elements  of 
the  living  whole,  and  to  follow  with  a  clear  comprehension  its 
pathological  alterations  per  se,  as  well  as  their  reactions  on 
surrounding  parts  and  on  the  whole  oiganism.  We  cannot 
afford  to  dispense  with  this  knowledge  in  regard  to  any  portion 
of  the  body,  for  we  see  that  just  in  proportion  to  our  compre- 
hension of  the  various  normal  functions,  characteristics,  and 
tendencies  of  organs  and  tissues,  is  the  clearness  of  our  views  of 

VOL.  X.  4 


60  DR  OGSTON. 

their  pathological  conditions.  Those  parts  with  whose  normal 
characters  we  are  best  acquainted  are  those  whose  pathology  is 
best  understood,  while  we  comprehend  little  of  the  pathology  of 
such  organs  as  the  supra-renal  capsules  of  whose  physiological 
design  we  are  ignorant.  Therefore  our  advances  in  physiologi- 
cal science,  whatever  be  their  intrinsic  value,  are  eagerly  applied 
by  the  pathologist  to  his  own  researches,  and  always  with  profit 
and  enlightenment. 

The  contemptible  rdle  assigned  to  articular  cartilage  has 
dissatisfied  many.  It  has  been  remarked  that,  from  our  present 
basis,  we  are  incapable  of  comprehending  what  observation 
teaches  us  of  its  behaviour,  that  we  cannot,  for  instance,  explain 
why  cartilage  is  not  worn  away,  while  the  hardest  and  most 
resisting  structures,  like  the  enamel  of  the  teeth,  show  the 
effects  of  friction  in  a  short  8i>M^ fif  time.  In  fact  it  is  plain 
that,  to  comprehend  cltHuaTO^TLa|ij,  we  must  go  back  to  the 
very  beginning,  and  4bOi^ULl%orMl^  notion  of  its  physiology, 
before  we  can  progress  M^OlCALr  present  attainments  in  its 
pathology.  OLmCRVATIO 

In  the  first  place,  and  bearing  in  mind  the  universal  exist- 
ence of  incrusting  cartilage  in  articulations,  the  question  natu- 
rally suggests  itself, — what  would  occur  in  a  joint  suppose  it 
were  performing  its  usual  functions  unmutilated  in  every  way 
save  in  being  deprived  of  its  cartilage  of  incrustation  ?  Such  a 
condition  does  not  occur  naturally  under  any  circumstances,  and 
experimentally  it  would  be  impossible  to  produce  it,  for  the 
interference  with  other  structures  which  would  necessarily  be 
entailed,  and  the  known  results  following  such  interference, 
would  vitiate  or  nullify  any  conclusions  that  might  be  sought  to 
be  drawn  from  the  experiment.  Hence  we  are  compelled  to 
fall  back  on  other  means  of  obtaining  a  clue  to  how  the  query 
should  be  answered ;  and  there  is  but  one  means,  and  that  the 
observation  of  a  pathological  process,  which  to  any  extent  fulfils 
the  conditions  required. 

In  Chronic  Rheumatic  Arthritis  {Arthritis  Defomuins)  we 
have  a  disease  where,  while  bones,  ligaments  and  synovial  mem- 
branes continue,  at  least  in  the  earlier  stages,  to  perform  their 
functions  in  something  approaching  to  the  normal  manner, 
considerable  surfaces  of  the  articular  fisicets  where  bone  rubs 
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against  bone  are  depriyed  of  the  protective  layer  that  incrasts 
them  in  the  healthy  joint.  In  this  disease  we  find  that,  in  the 
smaller  articulations  which  are  comparatiyely  little  exposed  to 
pressure,  the  bones  themselves  are  not  perceptibly  shortened, 
but  retain  nearly  if  not  entirely  their  ordinary  length,  and, 
where  apposed,  are  merely  ground  down  to  a  smooth  siuface, 
the  ebumation  of  which  permits  the  continuance  of  motion  to 
an  extent  and  degree  not  very  far  off  that  they  naturally  enjoy. 
If,  however,  we  go  to  the  larger  joints,  such  as  the  shoulder,  hip, 
and  knee,  where  we  have  in  all  the  influence  of  large  masses  of 
muscle,  and  in  some  the  necessity  of  supporting  the  weight  of 
the  body,  intensifying  the  mutual  pressure  of  the  bones  on  each 
other,  we  find  in  addition  a  new  phenomenon  presenting  itself. 
This  consists  in  a  wearing  away  of  the  bones  by  the  pressure 
and  attrition  they  are  exposed  to;  and  it  goes  to  such  an  extent 
that  the  whole  of  the  cervix  femoris  and  nearly  the  whole  of  the 
head  of  the  humerus  are  often  worn  away,  and  in  time  disappear 
in  their  respective  joints,  while  similar,  though  less  striking 
alterations  of  the  same  nature  take  place  in  the  knee-joint. 
Even  the  ebumation  (the  so-called  porcellanous  deposit),  occur- 
ring to  a  greater  or  less  extent  in  the  rubbed-down  ends,  is 
insufficient  to  arrest  the  destruction  thus  caused.  The  condition 
of  the  cartilage  in  Chronic  Rheumatic  Arthritis  will  be  treated  of 
further  on,  in  the  meantime  it  is  sufficient  to  point  out  that  the 
normal  nutrition  of  the  bone  where  it  has  lost  its  cartilage  of 
incrustation  is  plainly  insufficient  to  protect  it  against  absorption 
from  attrition  and  pressure. 

This  behaviour  seems  to  suggest  a  clue  to  the  function  of 
articular  cartilage,  viz.  that  its  purpose  may  be  to  resist  the 
process  of  rubbing  away  continually  going  on«  The  next  step 
is  to  examine  how  far  the  appearances  of  normal  and  abnormal 
cartilage  support  this  suggestion. 

I.    Normal  Articular  Cartilage. 

It  is  a  striking  fact  that  a  section  of  healthy  adult  cartilage, 
made  perpendicularly  to  the  articular  surface  of  a  bone,  reveals 
all  the  peculiarities  of  a  structure  in  active  growth.  In  its 
centre,  somewhat  nearer  the  joint-surface  than  the  bone,  there 
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is  seen  (Fig.  1,  h)  a  series  of  rounded  groups  of  cells,  one  to 
three  in  number,  imbedded  in  a  finely  granular  hyaline  matrix, 
which  forms,  round  each  cell  or  group  of  cells,  the  capsule  ex- 
ternal to  the  cell-wall  characteristic  of  cartilage.  The  cells 
possess  diameters  varying  from  -^-^  to  ^^  ^^  ^^  inch,  and 
present  clear  protoplasm,  and  a  round  central  nucleus  of  about 
half  the  diameter  of  the  cell.  The  groups  are  arranged  at  toler- 
ably regular  intervals  about  -^  of  an  inch  apart,  and  their 
general  shape  and  distribution,  while  indicative  of  active  growth, 
give  no  more  clue  to  the  direction  towards  which  they  tend  to 
multiply  than  do  the  granulation  cells  in  any  piece  of  ordinary 
granulation  tissue.  Beyond  this  focus  of  central  growth^  as  we 
may  call  it,  matters  assume  quite  another  aspect  As  they  ap- 
proach the  surface  of  the  bone,  the  cells  evidently  pass  into  a 
state  of  much  greater  activity,  preparatory  to  some  important 
end  they  are  to  serve.  They  proliferate  so  actively  that  each 
group  now  consists  of  five  to  ten  cells,  or  even  more,  and  the 
individual  cells  are  usually  though  not  invariably  larger,  often 
doubling  or  even  trebling  their  former  diameters.  And  still 
more  marked  is  the  arrangeilient  of  the  groups  into  rows,  or 
something  approaching  to  rows,  arranged  perpendicularly 
to  the  surface  of  the  bone  (Fig.  1,  c).  The  rows  are  about 
j^  of  an  inch  broad,  and  ^^  to  ^  of  an  inch  long.  They 
are  not  always  exactly  perpendicular  to  the  bone-surface 
(though  they  are  always  parallel  to  the  direction  in  which  the 
surface  of  the  bone  is  growing),  but  they  form  to  the  surface  at 
least  something  approaching  to  a  right  angle,  and  are  never 
parallel  to  it  Corresponding  to  this  alteration  in  the  aspect 
and  arrangement  of  the  cells,  the  hyaline  matrix  becomes  more 
distinctly  granular  as  it  approaches  the  surface  of  the  bone. 

On  comparing  these  phenomena  with  those  taking  place  in  the 
ossification  of  epiphysal  cartilages,  the  similarity  is  very  striking. 
In  the  latter  it  is  easy  to  observe  that  the  stages  and  transformations 
are  almost  identical  in  quality.  There  exists  the  focus  of  central 
growth  (Fig.  4,  a),  consisting  of  roundish  or  irregular  cells,  few  in 
number,  imbedded  in  a  homogeneous  matrix,  and  tolerably  equi- 
distant from  one  another,  and  in  this  focus  the  arrangement  of  the 
cells  indicates  no  particular  direction  of  growth.  As  they  approach 
the  diaphysis,  however,  the  cells  multiply  into  groups  (Fig.  4,  h) 
arranged    perpendicularly  to  the   bone,  forming   rows  or  rouleaux 
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(Fig.  4,  g)  -^  to  ^  of  au  inch  long  and  -^  ^  ths  ^^^^  inch  broad, 
and  acquire  at  the  same  time  a  much  gi<eater  magnitude  than  they 
preTiously  poeseMed.  That  the  alterations  iu  the  two  stractures  are 
identical  in  their  nature  is  evident  from  the  fiict  that  in  some  places 
appearances  ezacUj  similar  may  be  met  with  in  each. 

The  next  point  to  be  examined  is  the  boundary  line  where 
articular  cartilage  passes  into  bone.  The  determination  of  what 
happens  here  is  the  central  point  of  the  whole  question.  It  is 
not  easy  to  obtain  sections  which  show  satisfiactorily  the 
changes  that  take  place.  The  process  I  have  found  most  satis- 
factory is  to  decalcify  the  bones  by  soaking  them  some  weeks  in 
dilute  chromic  acid  acidulated  with  nitric  acid,  then  wash 
them  fix>m  the  acids,  make  sections  perpendicular  to  the  surface 
of  the  bone  by  the  razor  or  Rutherford's  microtome,  and  tint 
with  logwood.  Sections  thus  obtained  show  the  existence,  be- 
tween the  cartilage  presenting  the  appearances  above  described 
and  the  bone,  of  a  Mone  of  altered  cartilage  (Fig.  6,  c  to  t)  ^  to 
^  of  an  inch  in  thickness,  marked  ofif  from  the  rest  of  the 
cartilage  by  a  deeply-stained  border  forming  an  undulating 
Una  In  this  zone  the  hyaline  matrix  is  more  pellucid  and 
takes  on  a  different^  generally  fainter,  tint  when  acted  on  by 
staining  solutions,  than  that  further  removed  from  the  bone. 
The  cells  imbedded  in  it  reach  their  maximum  of  proliferation, 
and  often  tend  to  form  groups  more  rounded  (Fig.  6,  d)  or  less 
arranged  in  rows  than  before.  The  margin  of  the  bone  forms 
a  slightly  uneven  line  (Fig.  1,  d\  Fig.  2,  g\  Fig.  6,  %)  dotted  at 
intervals  by  small  rounded  prominences  (Fig.  2,  d\  Fig.  6,  e  and 
f)  projecting  into  the  zone  of  altered  cartilage  for  a  distance  of 
from  ^  to  ^  of  an  inch,  and  exhibiting  at  their  bases  a  cor- 
responding breadth.  The  number  of  the  prominences  bears  a 
distinct  proportion  to  the  number  of  groups  of  cartilage-cells 
in  their  vicinity;  they  seem  to  correspond  in  position  with  them 
and  complete  as  it  were  the  harmony  of  then*  arrangement,  and 
point  besides  in  a  direction  corresponding  with  that  of  the  long 
groups  of  cartilage-cells.  They  vary  much  in  distinctness  in 
different  sections,  but  are  always  present,  and  their  arrange- 
ment is  suggestive  of  their  being  somehow  related  to  the  car- 
tilage-groups. This  arrangement  is  not  fortuitous.  In  favour- 
able sections  it  can  be  seen  that  on  the  group  of  cartilage-cells 
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reaching  the  margin  of  the  bone,  a  most  active  proliferation  and 
subdivision  of  its  component  cells  commences  at  the  end  next 
the  bone  and  quickly  invades  the  rest  of  the  group,  which  thus 
becomes  converted  into  one  of  the  prominences.  In  this  proli- 
feration the  cells  lose  their  capsule,  and,  ceasing  to  be  recog- 
nisable as  cartilage-cells,  form  by  the  process  of  multiplication 
a  large  mass  of  granulation  tissue  composed  of  small  rounded 
cells,  each  about  ^^  o^  ^^  ^^^^  ^  diameter,  with  gi*anular 
protoplasm  and  large  central  nucleus  whose  diameter  is  about 
one  half  of  that  of  the  cell.  It  occasionally  happens  that  one 
end  of  the  cartilage-group  still  possesses  its  characteristic  cells, 
while  the  other  end  is  changed  into  granulation  tissue  (Fig.  2, 
c,  c),  but  commonly  the  process  once  commenced  is  very  rapid 
in  involving  the  whole  group.  From  this  it  is  clear  that  the 
prominences  are  really  groups  of  cartilage-cells  which  have  un- 
dergone alteration.  The  alteration  consists  in  a  transmutation 
into  a  tissue  not  to  be  distinguished  from  medullary  tissue 
such  as  occupies  the  cancelli  of  the  spongy  bones,  in  fact  iden- 
tical with  it,  and  not  unfrequently  developing,  like  it,  fat  cells 
at  various  points. 

It  is  not  easy  to  see  this  process  distinctly  taking  place. 
Out  of  a  large  number  of  sections  there  may  be  only  one  or  two 
which  exhibit  it  so  clearly  as  in  Fig.  2  of  the  accompanying 
plate,  but  once  it  has  been  observed  in  its  entirety  it  is  easy  to 
recognize  it  in  almost  every  section,  and  it  seems  to  be  a  uni- 
versal feature  in  the  passage  of  the  ono  structure  into  the 
other. 

The  masses  of  granulation  tissue  thus  formed  are  next 
transformed  into  true  bony  tissue,  but  the  transformation  shows 
appearances  which  vary  a  good  deal  according  to  the  activity  of 
growth.  Sometimes  the  masses  coalesce  and  form  a  layer 
(Fig.  2,  e)  between  the  cartilage  and  the  bone,  and  on  the  sur- 
face of  the  layer  next  the  bone  the  cells  become  transformed 
into  bone-corpusdes  (Fig.  2,/).  This  is  attended  by  a  con- 
siderable increase  of  their  intercellular  substance,  so  that  each  ^ 
cell  separates  to  a  little  distance  from  its  fellows,  the  inter- 
cellular substitfice  becoming  hard  by  the  deposition  in  it  of 
calcareous  salts,  and  the  cells  taking  on  the  outlines  of  bone-  [ 
corpuscles  with  imperfectly  formed  and  not   very  numerous 
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canalicuIL  More  frequently,  on  the  other  hand,  the  masses  of 
granulation  tissue  remain  separate  and  distinct  (Fig.  3),  and 
the  peripheral  cells  of  each  mass  become  in  the  same  manner 
transformed  into  layers  of  bone-tissue,  so  that  a  section  pre- 
sents islands  of  granulation  tissue  lying  separated  by  a  network 
of  oeseous  substanca  These  variations  are  of  interest  as  bearing 
on  the  pathological  conditions  which  will  fall  to  be  considered 
afterwards. 

Many  observations  have  convinced  me  that  these  masses  of 
medullary  tissue,  developed  directly  out  of  the  cartilage  cells, 
have  at  first  no  connection  whatever  with  the  medulla  in  the 
canoelli  or  with  the  vascular  system.  The  observation  of  nor- 
mal cartilage  alone  might  be  somewhat  dubious,  but  as  we  shall 
afterwards  find  the  process  more  distinctly  marked  in  patho- 
logical states,  this  fact  is,  I  believe,  undeniabla  I  am  aware 
that  it  is  usual  to  describe  prolongations  of  vascularized  me- 
dullary tissue  into  the  very  margin  of  cartilage,  and  to  assume 
that  such  prolongations  are  peculiar  to  inflammatory  conditions 
and  are  the  means  by  which  cartilage  is  destroyed  from  its 
deeper  aspect;  but  numberless  observations  made  with  this 
statement  in  view  have  convinced  me  of  its  uiaccuracy,  and  I 
am  satisfied  that  a  fresh  examination  of  the  subject  will  be 
found  to  support  in  the  clearest  manner  the  statements  just 
made  as  to  the  origin  and  nature  of  these  prominences.  It  is 
true  that  in  the  insular  development  of  bone  from  the  promi- 
nences, examination  shows  that  they  do  form  an  early  commu- 
nication with  the  neighbouring  medulla  and  at  the  same  time 
with  the  vascular  system,  as  shown  in  Figure  6.  The  commu- 
nication takes  place  by  means  of  small  channels  (Fig.  6,  h,  h) 
eaten  towards  them  through  the  already  formed  bone.  The 
channels  seem  to  be  eaten  by  a  tongue  of  medulla  enclosing  a 
loop  or  loops  of  blood-vessels,  and  which  makes  straight  for  the 
prominence  almost  as  soon  as  it  has  formed.  But  in  normal, 
and  more  especially,  as  will  be  afterwards  seen,  in  pathological, 
cartilage  (Fig.  3,  c,  c2;  Fig.  8,  6,  c,  (2)  the  prominences  at  an 
early  stage  contain  no  blood-vessel  and  have  no  communi- 
cation with  the  neighbouring  medulla,  and  yet  are  capable 
of  performing  the  functions  of  medulla  and  developing  new 
bone. ere  tixey  have  been  provided  with  any  vascular  supply 
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or    any    communication    yrith    the    neighbouring    medullary 
tissue. 

At  the  line  of  transformation  of  cartilage  into  bone  the 
hyaline  matrix  of  the  cartilage  disappears.  The  alteration  in 
its  texture  which  can  be  brought  out  by  staining  is  probably  a 
process  of  softening,  preceding  and  preparing  for  its  absorption 
by  the  influence  of  the  cell-groups  round  which  it  lies,  and  of 
the  medullary  tissue  into  which  they  become  transformed.  It 
is  plain  that  the  cartilage-cells  are  capable  of  modifying  the 
condition  of  the  matrix  around  them,  and  that  each  group  pos- 
sesses its  surrounding  "territory,"  as  Virchow  calls  it,  over 
which  it  bears  rule.  The  staining  usually  shows,  even  at  some 
distance  from  the  bone,  alterations  in  the  ''cell-territories" 
aroimd  the  groups,  becoming  more  marked  as  they  approach 
the  line  of  transformation.  The  alterations  are  probably  of  the 
same  nature  as  the  alteration  at  the  line  of  transformation,  and, 
like  it,  preparatory  to  the  absorption  of  the  hyaline  matrix. 

Where  epiphysal  cartilage  passes  into  bone,  changes  are  observ- 
able parallel  to  diose  described  above.  At  the  line  of  transformation 
the  long  rouleaux  of  cells  can  be  followed  with  great  ease  across  the 
line  of  ossification.  Precisely  at  this  line  a  great  change  (Fig.  4,  c) 
in  the  behaviour  of  the  cartilage-cells  becomes  manifest.  Short  of 
this  line  the  ceUs  have  assumed  the  appearance  of  long  sausage- 
shaped  rows  (Fig.  if  g)f  about  -g^  of  an  inch  in  length  and  -j^nnr  ^^ 
an  inch  in  breadth.  The  cells  composing  them  are  flattened  on  their 
adjacent  sides,  and  the  groups  which  they  form  are  not.  unlike  the 
aspect  of  the  well-known  ratdeaux  of  red  blood  disks;  but  they 
present  all  intermediate  forms  between  those  given  in  the  plate  and 
those  described  tuider  articular  cartilage,  and  in  some  places  it  would 
be  impossible  to  tell  from  the  appearances  whether  the  section  had 
been  taken  from  epiphysal  cartilage  pr  articular  cartilaga  But  the 
moment  the  boundary  line  is  passed,  the  cells  proliferate,  lose  their 
flat  form,  and  change  into  a  long  sausage-shaped  mass  of  medullary 
tissue  (Fig.  4,  d).  Between  these  masses  the  hyaline  matrix  dips 
down,  in  processes  ^|^  to  ytit  ^^  ^^  ^^^  ^  length  and  ^-^^  to  -g^ 
of  an  inch  in  bread^,  for  a  short  distance  into  the  bone  (Fig.  4,  a), 
and  is  finally  absorbed  by  the  medullary  masses,  which  pass  into  bone, 
corpuscles  just  as  in  articular  cartilage,  the  transformation  commenc- 
ing at  the  periphery  of  the  sausage-i^aped  masses  (Fig  4,/). 

It  is  scarcely  necessary  to  explain  that  the  sausage-shaped  masses 
of  medullary  tissue  formed  out  of  the  rouJecmx  of  cartilage^^ells  repre- 
sent here  the  prominences  spoken  of  under  articular  cartilage.  Their 
ti{)6  form  an  eren  line,  and  the  conversion  of  cartilage-cells  into 
incdulla  progi'esses  so  harmoniously  in  the  various  groups  that  the 
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line  of  advance  is  beaotifally  retained  (Fig.  4,  c).  Some  pathol 
conditions  seem  to  modify  this,  and  cause  an  unevenness  of  the  line 
of  transformation  by  permitting  some  groups  to  precede  others  in  the 
change.  These  Tariations,  however,  it  is  foreign  to  our  present  par- 
pose  to  enter  into. 

When  the  changes  above  described  have  been  seen  in  their 
various  stages^  the  observer  cannot  fiedl  to  be  convinced  that 
they  amount  to  a  complete  demonstration  of  the  fact  that  arti- 
cular cartilage  is  continually  producing  new  bone  to  supply  the 
loss  caused  by  the  pressure  sustained  by  the  articulations. 
There  is  no  other  explanation  possible,  and,  if  any  doubt  re- 
mained, the  comparison  with  the  process  of  ossification  occurring 
at  the  ends  of  the  shafts  by  the  development  of  the  epiphysal 
cartilage  into  bone,  showing  as  it  does  changes  precisely  similar 
in  quality,  though  varying  in  activity,  would,  I  submit,  com- 
pletely remove  it  There  is  no  doubt  that  cartilage  is  a  struc- 
ture admirably  suited  for  resisting  the  pressure  to  which  it  is 
subjected.  Hence  the  pressure  is  transmitted  through  it  to  the 
articular  extremities  of  the  bones,  which  are  by  their  lai^e  size 
adapted  to  sustain  and  further  to  diffuse  it  It  seems  probable 
that  the  spongy  ends  of  the  bones,  by  their  size  as  well  as  by 
the  elasticity  (if  the  term  be  allowed)  which  their  spongy  struc- 
ture confers  upon  them,  succeed  in  reducing  the  pressure  to  its 
minimum  and  preventing  its  injurious  action  being  concen- 
trated on  any  one  spot  They  are  however  unable  to  neutralize 
the  pressure  completely,  and  the  epiphyses  would  in  time  suffer 
absorption  by  the  continual  force  thus  acting  upon  them,  were 
it  not  for  the  admirable  provision  of  nature  to  replace  what 
may  be  damaged.  It  seems  probable  that  the  spongy  tissue  of 
the  articular  ends  of  bones  is  being  constantly  renewed  by  a 
process  of  ossification  proceeding  from  the  articular  cartilage. 

Many  fiEicts  in  connection  with  diseases  of  joints  become 
intelligible  when  they  are  viewed  in  the  light  of  the  processes 
described,  and  serve  further  to  strengthen  the  conclusions 
arrived  at ;  but  some  of  these  fall  to  be  mentioned  afterwards, 
and  the  others  need  not  now  be  adverted  to  in  detail. 

The  next  point  calling  for  attention  is  the  condition  of 
the  cartilage  where  it  is  exposed  to  the  attrition  of  the  joint- 
movements. 
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Although  the  pressure  of  the  articulating  surfaces  against 
each  other  seems  to  be  transmitted  through  the  cartilage  to 
the  bone,  the  friction  to  which  the  former  is  exposed  cannot 
be  similarly  transmitted,  but  must  be  provided  for  by  another 
arrangement.  To  understand  this  it  will  be  necessary  to  return 
to  the  point  whence  we  set  out,  viz.  the  focus  of  central  growth. 
If,  in  examining  a  perpendicular  section,  we  proceed  from  this 
point  towards  the  joint-surface,  we  find  that  the  clusters  of  cells 
lose  their  rounded  form,  and  become  elongated  so  as  to  lie 
parallel  to  the  joint-surface  (Fig.  1,  a).  As  they  approach  it, 
they  become  flatter  and  flatter,  and  are  composed  of  always 
fewer  cells,  so  that  in  the  immediate  vicinity  of  the  surface 
they  are  represented  by  isolated  cells  f^  of  an  inch  long  and 
■gif^  of  an  inch  broad,  devoid  of  protoplasm  and  filled  by  a 
single  elongated  granular  nucleus.  Many  such  cells  contain 
only  a  few  fatty  granules,  and  just  before  the  surface  is  reached* 
the  nuclei  have  all  disappeared,  and  the  cells  are  represented 
by  thin  clefts,  containing  at  the  most  a  few  granules  of  fat 
(Fig.  1,  a;  Fig.  6,  c). 

These  changes  are  plainly  preparatory  to  the  rubbing  dc^n 
of  the  cartilage  which  takes  place  on  its  surface,  and  doubtless 
the  infinitely  fine  detritus  thus  produced  is  absorbed  by  the 
lymph-spaces  opening  through  the  synovial  membrane. 

By  this  additional  observation  we  recognise  that  cartilage, 
from  its  focus  of  central  growth,  grows  towards  the  joint-surface 
as  weU^as  towards  ike  hone,  and  that  it  is  not  a  structure 
owing  its  permanence  merely  to  its  elastic  consistence  and 
smooth  surface.  Were  this  all,  it  would  speedily,  like  the 
enamel  of  the  teeth,  be  worn  away;  but  nature  has  provided 
against  this  by  conferring  on  it  what  I  have  termed  a  focus 
of  central  growth,  whence  it  developes  centrifugally,  towards 
the  bone  to  replace  its  loss  from  the  forces  acting  on  it,  and 
towards  the  joint  to  renew  continually  a  surface  which  is  con- 
*»,U,1«W  worn  .way. 

The  last  point  in  connection  with  normal  articular  cartdage 
to  be  considered  here  is  its  relation  to  the  synovial  membrane, 
a  fringe  of  which  covers  its  margin  for  a  short  distance,  and  is 
supplied  with  loops  of  blood-vessels  penetrating  to  its  border. 
If  a  section  be  made  perpendicularly  through  these  structures 
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(^g-  5)y  the  following  are  the  changes  traceable  in  proceeding 
from  cartilage  to  membrane.  Starting  from  the  focus  of  cen- 
tral growth  (Fig.  5,  a),  the  groups  of  cells  show  no  rapid  proli- 
feration, they  occur  in  groups  of  two,  and  further  on  as  isolated 
cells  (Fig.  5,  e)  ^^  of  an  inch  broad  and  j^  of  an  inch  long, 
while  they  alter  in  shape,  becoming  elongated  and  fusiform, 
their  long  axis  parallel  to  the  synovial  membrane.  They  do 
not  appear  to  become  effete,  but  consist  of  protoplasm  and 
nucleus  seemingly  unaltered  save  in  shape.  Presently  the 
hyaline  matrix  exhibits  a  fibrous  transformation  (Fig.  S,  d), 
becoming  arranged  in  fibres  parallel  to  the  long  axis  of  the 
cells.  At  the  same  time  the  cells  approach  more  and  more  in 
outline  and  resemblance  to  those  of  connectiye  tissue,  the 
fibrous  matrix  becomes  indistinguishable  from  the  fibrous  inter- 
cellular substance  of  connective  tissue,  and  the  altered  struc* 
ture  passes  gradually  into  the  synovial  fringe  (Fig.  5,  6).  Such 
a  section  too,  if  looked  at  with  a  low  power,  shows  that  the 
deeper  layers  at  least  of  the  fringe  are  not  superimposed  on 
the  cartilage,  but  are  directly  continuous  with  it,  so  that  if  the 
plane  in  which  they  lie  were  prolonged  towards  the  middle  of 
the  cartilage,  the  margin  of  the  fringe  would  gradually  end 
(Fig.  5,  6  to  c)  by  passing  into  the  cartilage-layer  next  the 
joint-surface,  where  it  is  being  prepared  for  its  function  of 
being  rubbed  down. 

What  has  already  been  discussed  seems  to  warrant  the 
following  conclusions: 

1st.  That  articular  cartilage  is  continually  renewing  itself 
from  a  focus  of  central  growth,  and  grows  in  two  directions. 

2nd.  That  articular  cartilage  developes  in  the  direction 
of  the  joint  an  effete  layer  suitable  for  being  worn  away  by 
the  joint  movements. 

3rd.  That,  growing  also  towards  the  bone,  it  fulfils  the 
important  function  of  reproducing  the  spongy  ends  of  bones, 
which  would  otherwise  be  destroyed  by  the  pressure  to  which 
they  are  exposed. 

4th.  That  it  fulfils  this  function  by  means  of  its  cell-groups* 

5th.  That  the  cell-groups  develope  into  masses  of  medul* 
lary  tissue,  which  ossify  at  their  periphery. 
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Cth.  That  these  are  at  fii-st  uacoBnected  with  the  vascular 
system. 

7th.  That  the  synovial  fringe  and  the  articular  cartilage 
pass  insensibly  into  one  another. 

8th.  That  the  peculiar  consistence  of  cartilage,  whereby  it 
transmits  pressure  to  the  underlying  bone,  is  owing  to  its 
hyaline  matrix,  which  becomes  altered  and  absorbed  where  it 
is  no  longer  required. 

II.    Pathological  Changes  in  Articular  Cartilage. 

If  the  preceding  conclusions  regarding  the  structure  and 
functions  of  articular  cartilage  be  correct,  it  may  be  assumed 
as  probable  that  any  additional  changes  produced  by  inflam* 
mation  will  be  an  intensifying  of  its  normal  processes.  For  in 
a  structure  shut  out,  hke  it,  from  the  direct  influence  of  the 
nervous,  circulatory,  and  absorbent  systems,  their  influence 
cannot,  as  in  other  structures,  come  into  play  in  modifying  and 
complicating  the  reactions  due  to  tissue  alone.  Hence  inflam- 
mation will  show  itself  more  in  increased  action  and  exaltation 
of  its  normal  functions  than  in  a  perversion  of  them  into  a 
new  groove.  It  has  been  stated  that  cartilage  is  a  tissue  insus- 
ceptible of  inflammation,  and  observers  have  put  themselves 
to  great  pains  to  refer  the  changes  it  displays  in  inflammation 
of  the  organs  of  which  it  forms  part,  to  the  action  upon  it  of 
surrounding  structures.  This  idea  received  a  complete  refuta- 
tion at  the  hands  of  Bedfem,  but  it  has  never  lost  altogether 
the  hold  it  had  acquired,  and  retains  to  the  present  day  a  pro- 
minent, though  perhaps  an  unacknowledged  place  in  the  ideas 
that  obtain  regarding  its  inflammation.  While  freely  admit- 
ting the  insusceptibility  of  cartilage,  from  its  very  nature  and 
position,  to  display  its  inflammation  by  some  of  the  usual  signs, 
such  as  redness  and  pain,  or  to  participate  in  some  of  the  usual 
results  of  inflammation,  such  as  suppuration,  I  believe  there 
will  be  no  difficulty  in  showing  that  cartilage  is  not  a  passive 
structure  in  the  presence  of  inflammation,  but  participates 
lively  in  it  in  its  own  peculiar  way.  I  have  as  yet  had  no 
opportunities  of  studying  the  effect  upon  it  of  recent  acute 
inflammations,  such  as  might  be  sought  for  in  Traumatic  Ar^ 
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thritis,  Pyaemic  Arthritis,  &c.,  but  have  carefully  investigated 
its  participation  in  Scrofulous  Arthritis  (pulpy  synovitis),  com* 
meacing  in  the  joint  proper,  and  in  Chronic  Rheumatic  Arthri- 
tis (Arthritis  Deformans).  In  them  there  are  invariably  found 
active  changes  which  cannot  be  attributed  to  anything  but 
inflammation.  A  word  of  caution  is,  however,  not  unnecessary 
on  this  point.  At  the  present  time  we  are  too  much  carried 
away  with  the  idea  that  inflammation  is  inseparably  linked  to 
the  presence  of  blood-vessels  and  lymph-spaces.  The  obser* 
vations  of  Cohnheim  and  Arnold,  although  of  immense  value 
in  correcting  the  beliefs  that  previously  existed,  are  apt  to  lead 
us  somewhat  astray  from  a  sound  appreciation  of  inflammation 
as  a  whole.  The  changes  in  the  capillaries,  the  existence  of 
stigmata  and  stomata,  and  the  migration  of  the  white  blood* 
cells  through  them  into  the  lymph-spaces  to  form  pus  or,  it 
may  be,  to  become  a  part  of  the  fixed  tissues,  are  so  attractive 
and  striking,  that  we  are,  at  the  present  moment,  rather  in- 
clined to  forget  the  existence  of  the  tissues  themselves  and  of 
the  changes  going  on  in  them«  Important  as  the  former  are, 
they  are  tending  to  make  us  in  the  present  day  underrate  or 
even  misinterpret  the  proUferation  of  cells  and  other  tissue- 
changes,  the  knowledge  of  which  we  owe  to  Qoodsir  and  Yirchow, 
and  yet  in  cartilage  we  can  fiud  only  the  latter,  for  the  very 
existence  of  the  former  is  prevented  by  the  peculiar  isolation  of 
the  tissue.  It  mast  also  be  remembered  that  prolonged  inflam- 
mation of  any  tissue  of  the  connective  series  tends  to  manifest 
itself  in  a  perverted  increase  of  its  normal  function.  Chronic 
Periostitis,  for  instance,  leads  to  increased  production  of  new 
bone.  Chronic  Osteo-myelitis  to  Osteo-sclerosis,  and  Chronic 
Inflammation  of  a  serous  or  synovial  surfskce  to  Hypertrophy 
and  increased  secretion.  The  non-vascularity  of  cartilage  must 
render  any  inflammation  it  may  partake  in  also  chronic,  so 
that  changes  analogous  to  those  cited  can  alone  be  looked  for 
as  evidences  of  its  existence. 

1.     Articular   Cartilage  in   Scrofulous  Arthritis  {Tumor 
AlbuSf  Fungus  ArticuU,  Strumous  Arthritis), 

The  earliest  changes  I  have  been  able  to  find  in  this  disease 
are  such  as  result  in  an  increased  development  of  bone.    The 
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articular  cartilage  is  increased  in  thickness,  though  only  to 
a  moderate  extent,  seldom  attaining  to  more  than  double  its 
normal  measurement.  This  is  sometimes  present  as  a  uniform 
thickening,  sometimes  in  patches,  in  which  latter  case  portions 
of  it  present  a  considerably  greater  depth  than  elsewhere, 
although  everywhere  the  increased  thickness  is  observable  to 
some  extent. 

The  group  of  cells  between  the  focus  of  central  growth  and 
the  surface  of  the  bone  take  on  a  more  tempestuous  action,  so 
to  speak,  and  hurry  more  rapidly  through  their  various  stages. 
They  reach  a  degree  of  development  (Fig.  7,  a)  midway  be- 
tween those  shown  by  normal  and  those  shown  by  epiphysal 
cartilage.  Instead  of  assuming,  as  in  both  of  these,  the  form  of 
raideatix  or  sausages,  the  groups  exhibit  a  more  globular  out- 
line (Fig.  7,  a  ;  Fig.  8,  6),  and  consist  of  masses  of  proliferating 
cells,  sometimes  possessing  the  most  irregular  shapes.  Since 
the  acids  employed  must  considerably  have  modified  their  true 
shapes,  I  would  be  cautious  in  drawing  inferences  from  speci- 
mens prepared  in  the  manner  already  stated,  but,  so  far  as  can 
be  inferred  from  them,  the  cells  seem  to  present  a  variety  of 
forms  due  to  their  mutual  pressure,  and  to  contain  large  granu- 
lar masses  of  protoplasm  in  their  interior,  with  a  sometimes 
granulax,  sometimes  transparent  nucleus.  The  groups  still 
preserve  their  vertical  direction  to  the  bone-surface,  and  con- 
tinue enlarging  from  cell-multiplication  as  they  approach  it, 
until  they  come  to  contain  from  six  to  twenty  separate  cells. 
The  hyaline  matrix  (Fig.  7,  b)  shows  the  granular  alteration  far 
more  distinctly  marked  than  does  normal  cartilage,  faintly 
indeed  in  a  zone  immediately  around  the  groups  (Fig.  7,  c),  but 
beyond  this,  densely  clouded  as  if  from  a  fine  punctuation. 
It  also  occasionally  presents  fatty  transfonnations  in  the  form 
of  irregularly  rounded  oil-drops,  varying  from  ^  to  ^^  of  an 
inch  in  diameter,  with  clear  transparent  masses  in  the  centre 
of  each,  the  size  of  which  is  from  ^  to  j^  of  an  inch.  Save 
in  these  respects  there  is  little  difference  between  the  normal 
and  the  inflamed  cartilage  at  this  part. 

In  the  zone  of  altered  cartilage  lying  immediately  on  the 
bone,  its  elements  seem  in  a  hurry  to  fulfil  their  fonctions. 
The  number  of  cells  in  each  group  (Fig.  8,  a)  becomes  even 
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greater  than  before,  and  the  groups  differ  from  those  of  the 
normal  stnicture  in  often  passing  into  medullary  tissue  before 
they  have  arrived  at  the  junction  line  (Fig.  8,  d).  It  is  much 
easier  to  trace  the  changes  here  than  in  healthy  cartilage. 
Some  of  the  groups  show  their  ends  next  the  bone  converted 
into  medullary  tissue,  and  their  further  euds  still  unaltered 
(Fig.  8,  b).  Other  groups  are  entirely  changed  into  medulla 
although  they  are  still  short  of  the  boundary  line  (Fig.  8,  d). 
And  occasionally,  though  rarely,  a  group  will  not  only  have 
passed  into  medulla,  but  have  commenced  to  produce  bone  at 
its  periphery  (Fig.  8,  c)  some  time  before  it  arrives  at  the  line 
of  ossification.  In  such  a  case  the  bone-production,  like  that  of 
medulla,  commences  at  the  end  next  the  bone  by  conversion  of 
its  peripheral  cells  into  bone-corpuscles,  with  increase  and 
ossification  of  their  intercellular  substance.  In  this  way  such 
a  group  may,  at  its  end  nearest  the  boundary  line,  be  encased 
in  a  capsule  of  newly  formed  osseous  tissue. 

The  haste  to  develope  of  which  these  are  the  expressions, 
further  shows  itself  in  the  appearance  of  the  boundary  line 
between  cartilage  and  bone.  Instead  of  preserving  on  the 
whole  an  unbroken  level,  it  shows  an  uneven  condition  (Fig. 
8,  9)  to  a  remarkable  degree,  being  comparatively  advanced  in 
some  places,  and  receding  in  others,  so  as  quite  to  have  lost  its 
normal  regubuity.  Moreover,  its  ossifying  prominences  present 
an  unusual  aspect.  Instead  of  rounded  papillse,  not  higher 
than  they  are  broad,  they  may  be  seen  as  nipple-like  or  even 
tongue-like  projections  into  the  cartilage  (Fig.  8,  e ;  Fig.  S,  c), 
or  even  project  so  far  as  to  assume  a  long  irregularly  club- 
shaped  appearance  (Fig.  8,/).  The  tongues  of  hyaline  matrix 
still  dip  between  them  (Fig.  3,/;  Fig.  8,  k),  but  the  old  regu- 
larity is  lost,  and  the  ossification  of  the  prominences,  hurried  as 
it  seems  to  be,  takes  place  for  the  most  part  in  the  insular 
-fiorm  already  described,  without  there  being  the  usual  amount 
of  c(mfluence  of  the  medullary  masses. 

In  the  direction  towards  the  joint  the  behaviour  of  the 
cartilage  in  Scrofulous  Arthritis  differs  even  more  remarkably 
from  the  normal  condition.  As,  passing  from  the  focus  of 
central  growth,  the  cells  approach  nearer  the  surface,  they 
assume  at  first  their  usual  elongated  shape  (Fig.  9,  d),  and. 
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diminishing  in  size,  become  fusiform  and  contain  little  if  any- 
thing besides  the  nucleus.     At  a  distance,  however,  of  from 

fhs  ^^  zh^  ^^  ^^  ^^^^  ^^^™  ^^^  surface,  instead  of  passing  into 
mere  clefts,  they  begin  to  increase  again  in  size  and  activity 
aud  become  fusiform,  subdivide  so  as  to  present  two  or  even 
three  cells  within  the  fusiform  capsule  (Fig.  9,  c),  and  give 
more  distinct  evidence  of  possessing  an  active  protoplasm. 
The  nearer  they  approach  tiie  surface,  the  more  marked  do 
these  peculiarities  become,  and  in  addition  the  hyaline  matrix 
is  seen  to  become  fibrous,  the  fibres  parallel  to  the  surface,  the 
fibrous  transformation  more  marked  as  it  nears  the  surface, 
until  finally  the  cartilage  is  transformed  into  a  fibrous  tissue 
with  fusiform  and  oat-shaped  cells,  differing  only  from  con- 
nective tissue  in  the  firmness  and  cohesion  of  the  intercellular 
substance. 

This  change  is  most  evident,  and  reaches  its  greatest  de- 
velopment at  the  margin  of  the  cartilage,  where  it  is  bordered 
by  the  already  inflamed  synovial  fringe,  and  at  an  early  period 
capillary  loops  are  found  to  extend  from  the  fringe  into  the 
newly  formed  fibrous  tissue.  When  it  is  thus  provided  with  a 
vascular  supply,  it  soon  shows  its  sympathy  with  the  surround- 
ing tissues  by  taking  on^  like  them,  the  characters  of  granula- 
tion tissue  (Fig.  9,  b).  The  process  of  fibrous  transformation 
and  vascularization  spreads  by  degrees  from  the  periphery  over 
the  entire  surface,  and  as  it  thus  advances  towards  the  centre  it 
gains  at  the  same  time  the  deeper  peripheral  layers  of  the 
cartilage,  until  at  last  there  remains  no  cartilage  at  all  at  the 
periphery,  but  the  bone  is  there  covered  by  a  structure  which 
it  is  impossible  to  distinguish  from  granulation  tissue,  and 
whose  origin  from  cartilage  could  hardly  be  inferred  fi*om  its 
appearance.  Thus  it  comes  about  that  a  steadily  diminishing 
island  of  apparently  unaltered  cartilage  often  remains  in  the 
centre  of  the  articulation,  surrounded  by  what  appears  a  vascu- 
larized synovial  fringe,  while  peripheral  portions,  and  in  the 
knee-joint  the  semilunar  cartilages,  are  already  completely 
transformed  into  pulpy  granulation  tissue. 

Such  are  the  minute  changes  present  in  the  earlier  stages  of 
Scrofulous  Arthritis,  and  through  them  are  produced  the  iJtera- 
tions  commonly  observed  on  the  articular  ends  of  the  bones. 
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Yiz.  pulpy  degeneration  of  the  cartilages,  at  first  at  the  peri- 
phery, and  subsequently  even  at  the  centre. 

I  would  draw  special  attention  to  a  peculiarity  of  this  stage 
which  is  at  once  visible  to  the  naked  eye,  but  has  been  over- 
looked, and  which  is  due  to  the  combination  of  the  processes 
described. 

Of  these  one  is  continually,  though  at  a  slow  rate,  pro* 
dudng  new  bone,  and  so  raising  up  the  articular  surface  above 
its  original  level ;  the  other  is  steadily  efifecting  a  centripetal 
diminution  of  the  bone-producing  cartilage.  The  sum  of  their 
action  is  that  the  new  bone,  which  was  at  the  beginning  pro* 
duced  over  the  whole  articular  facet,  soon  ceases  to  be  produced 
at  the  circumference  where  the  belt  of  transformed  cartilage 
lies.  The  cartilage  remaining  in  the  centre  still  goes  on  forming 
bone,  but  is  constantly  being  destroyed  at  its  edges  by  the  ever* 
widening  belt  of  transformation;  and  so  it  goes  on  till  by  the 
destruction  of  the  last  central  piece  of  cartilage  the  process  of 
bone-formation  is  for  ever  at  an  end.  The  raising  up  of  the 
articular  facet  is,  and  must  of  necessity  be,  greatest  in  the 
centre,  and  diminishes  as  the  periphery  is  approached. 

This  raising  of  the  articular  facet  varies  considerably  in 
appearance,  according  to  the  form  of  the  part  affected  by  it.  A 
flat  articular  surface  like  the  head  of  the  tibia  is  changcnl  into  a 
flat  cone  or  pyramid.  Very  often  the  process  is  seen  before  its 
completion,  and  the  head  of  the  tibia  is  prolonged  into  a  flattish 
truncated  cone  the  apex  of  which  is  occupied  by  two  smooth 
apparently  little  altered  facets  of  cartilage,  each  bordered  by  a 
vascularized  fringe  like  the  normal  synovial  fringe,  and  articu- 
lating with  two  corresponding  facets  of  the  femur.  The  sides 
of  the  cone  are  covered  with  granulation  tissue  produced  from 
the  cartilage,  and  which  is  often  studded  with  whitish  points 
visible  to  the  naked  eye  and  not  unlike  tubercle,  though  the 
microscope  shows  that  they  have  no  such  structure. 

In  a  spherical  articular  surface  the  combined  processes  will 
result  in  its  conversion  into  an  egg-shaped  surface.  The  head 
of  the  femur  comes  to  present  an  ovoid  elongation;  and  at  its 
opposite  extremity  the  surfaces  of  the  condyles,  which  approach 
in  form  to  the  spherical  shape,  become  elongated  in  the  axis  of. 
the  shaft.    They  may  be  found  facetted  at  various  parts  accord-i 
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ing  to  the  position  in  which  the  tibia  has  been  retained,  but 
usually  the  facets  are  at  the  posterior  part  of  their  articular 
surfaces. 

On  articular  facets  of  irregular  shape  the  deformity  pro- 
duced varies  according  to  the  peculiarities  of  the  part,  but  the 
influence  of  the  two  factors  is  always  traceable,  and  is  usually 
very  obvious. 

This  growth  of  the  articular  facets  is  of  course  often  rendered 
less  distinct,  and  even  reabsorbed  or  obliterated  by  the  destruc- 
tion of  the  bones  in  the  later  stages  of  the  disease.  In  the 
earlier  stages  its  existence  favours  the  occurrence  of  the  sub- 
luxations 80  common  in  Scrofulous  Arthritis,  and  it  even  hap- 
pens that,  when  subluxation  occurs  before  the  cartilage  has  all 
been  transformed,  the  growth  of  the  articular  surfaces  becomes 
so  great  as  to  prevent  the  success  of  any  other  means  than  an 
operation  in  restoring  the  bones  to  their  proper  position. 

I  have  hitherto  been  unable  to  observe  the  ulceration  of 
cartilage  described  by  Redfern.  So  far  as  I  could  judge,  the 
bone  in  the  later  stages  of  the  disease  rarely  becomes  exposed 
at  any  place  where  the  cartilage  still  remains  tolerably  healthy, 
but  generally  where  the  alterations  have  substituted  for  the 
resisting  cartilage  a  tissue  unable  to  withstand  the  mutual 
pressure  of  the  bonea  Even  at  points  where  the  pressure  is 
strongest  and  the  tendency  to  decubitiLS  greatest,  such  as 
between  the  patella  and  outer  condyle  of  the  femur,  I  cannot 
say  that  I  have  been  able  in  any  case  to  satisfy  myself  as  to  the 
actual  production  of  an  erosion  of  cartilage  from  decubitus.  On 
the  contrary,  the  erosion  has,  in  the  specimens  at  my  disposal, 
seemed  due  to  a  centripetal  extension  of  the  pulpy  transforma- 
tion inwards  to  the  point  of  strongest  pressure. 

In  Scrofulous  Arthritis  the  changes  in  articular  cartilage 
may  be  summed  up  as  follows : — 

1.  The  cartilage  is  increased  in  thickness. 

2.  It  is  transformed  from  the  periphery  to  the  centre  into 
vascularized  granulation  tissue. 

3.  This  is  effected  by  a  proliferation  of  its  cells,  commencing 
on  the  surface  at  its  border,  extending  inwards  towards  the 
centre,  and  gradually  involving  the  deeper  layers. 


M 
i 


ABTICULAB  CABTILAQE.  67 

4.  Its  increased  activity  leads  to  an  increased  production 
of  new  bon^  going  on  as  long  as  any  cartilage  remains,  and 
therefore  greatest  at  the  centre,  where  it  remains  longest  un- 
altered. 

5.  Various  alterations  of  form  of  the  articular  facets  are 
the  result  of  this  process. 

2.  Articular  Cartilage  in  Chronic  Eheumatic  Arthritis 
{Arthritis  Deformans,  Arthritis  nodosa.  Arthritis  sicca,  Malum 
senile  Articulorum,  Rheumatic  Oout). 

Ever  since  this  disease  was  recognised  as  having  an  existence 
separate  from  ordinary  rheumatic  arthritis  aud  from  gout,  its 
causation  has  been  a  mystery.  Banked  by  various  authors  at 
one  time  with  the  former,  at  another  with  the  latter,  or  again 
held  to  be  a  disease  sui  generis,  the  utmost  divergence  of  opinion 
has  prevailed  as  to  its  nature,  and  this  has  found  expression  in 
the  names  which  have  been  bestowed  upon  it  But  mysterious 
though  its  origin  may  be,  it  cannot  be  denied  that  such  a 
disease  exists,  owing  its  origin  probably  to  constitutional  tend- 
encies, hereditary  or  acquired,  more  or  less  allied  to  those 
which  produce  Bheumatism  and  Oout,  affecting  chiefly  persons 
past  middle  age  and  leading  to  destruction  of  articular  cartilage 
on  the  middle  of  the  articular  facets  of  bones,  and  to  the  pro- 
duction at  their  margins  of  large  portions  of  bone  overhanging 
the  ends  in  mushroom-shaped  masses,  as  if  forced  like  soft 
mortar  out  from  between  the  articulating  surfaces. 

The  characters  revealed  by  the  microscope  in  the  cartilages 
in  this  disease  differ  very  materially  from  any  yet  considered. 
On  the  whole  there  is  doubtless  the  same  exaggeration  of  the 
normal  functions  as  in  Scrofulous  Arthritis,  though  marked  by 
some  very  striking  peculiarities,  but  the  result  is  a  character- 
istic combination  of  growth  and  destruction  seemingly  peculiar 
to  this  disease  alone. 

To  commence  with  the  first  onset  of  the  disease  as  it  may 
be  seen  on  the  facets  of  the  sternum  and  clavicle  in  the  sterno- 
clavicular articulations  of  a  person  whose  other  joints,  pha- 
langeal for  example,  show  well-marked  evidences  of  the  malady. 
In  this  joint,  or  in  others  little  exposed,  the  incipient  alterations 
can  be  most  readily  found  and  most  easily  traced. 
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Before  being  opened  such  a  joint  seems  quite  nonnaly  or 
the  £Eiintest  feeling  of  knottiness  of  the  margins  of  the  cartilages 
alone  betrays  the  pathological  condition.  When  opened,  the 
cartilages,  articular  and  interarticular,  have  lost  their  trans- 
lucency  and  are  unusually  yellowish,  and,  instead  of  having 
smooth  polished  surfaces,  are  rough  and  even  granular.  A 
section  reveals  the  joint-surface  of  the  articular  cartilage  pro- 
liferating and  forming  actively  growing  rounded  cells,  with 
fibrillation  of  the  hyaline  matrix,  identical  in  nature  with  the 
changes  described  under  Scrofulous  Arthritis  and  depicted  in 
Figure  9. 

Between  the  focus  of  central  growth  and  the  bone  the 
hyaline  matrix  is  sometimes  fibrous,  sometimes,  especially  in  less 
aged  subjects,  more  granular  than  usual,  the  granular  alteration 
most  marked  in  the  middle  of  the  interspaces  between  the  cell- 
groups.  The  cell-groups  proliferate  more  abundantly  than 
normally,  but  show  a  tendency  to  pass  more  into  groups  of  two 
or  three  or  even  into  single  cells  than  into  the  large  aggregations 
forming  the  groups  in  Scrofulous  Arthritis.  The  zone  of  altered 
hyaline  matrix  next  the  bone  seems  to  be  absent.  The  line  of 
ossification  is  quite  irregular,  just  as  in  Scrofulous  Arthritis, 
and  the  islands  of  medullary  substance  produced  by  the  trans- 
formed cartilage  cell- groups  appear,  as  in  it,  at  the  margin  of 
ossification  or  even  beyond  it.  The  islands  of  medullary  sub- 
stance are  more  sparing  in  number,  and  the  newly-formed  bone 
between  them  seems  to  be  unusually  dense  and  disproportion- 
ally  abundant.  This  is  caused  by  the  tra/ns/ormation  of  the 
single  cartilage-cells  or  groups  of  two  or  three  cells  directly  into 
bone-corpuscles  without  having  passed  through  the  int&rmediate 
stage  of  medullary  tissue. 

This  forms  a  predominant  feature  in  all  stages  of  the  disease 
under  consideration,  and  is  most  distinctly  to  be  seen  in  a  joint 
where  the  malady  has  passed  the  incipient  stage  and  attained 
full  development  Let  us  take,  for  example,  a  phalangeal  joint 
where  the  external  knotting  shows  the  fully-developed  disease. 
On  opening  it,  the  articular  ends  are  found  grooved  &om  front 
to  back  with  deep  ruts  or  grooves  often  nearly  a  quarter  of  an 
inch  in  depth,  each  groove  corresponding  to  a  projecting  ridge 
on  the  opposing  facet    The  margins  of  the  cartilages  are  pro- 
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longed  into  bony  masses,  not  projecting  into  the  joint  nor  into 
the  normal  tissues  external  to  it,  but  forming  as  it  were  an 
enlarged  base  (Fig.  10,  b,  h),  with  which  are  connected  the 
thickened  ligaments  and  synovial  capsule.  The  ridges  running 
antero-posteriorly  on  the  articular  ends,  are  seen  on  section  to 
be  composed  of  dense  bone,  arranged  in  ELaversian  systems  with 
vessels  in  their  interior,  forming  a  texture  nearly  as  compact 
and  little  vascular  as  the  compact  tissue  of  the  diaphyses  of  the 
long  bones.  The  dense  bone  seen  in  these  ridges  by  its  hard- 
ness produces,  owing  to  the  movements  of  the  articulation,  the 
corresponding  grooves  in  the  opposed  surfaces,  and  patches  of 
still  surviving  cartilage  are  found  here  and  there  on  the  ridges 
and  in  the  groove& 

The  mode  of  formation  of  the  compact  bone  may  be  seen  by 
examining  thin  sections  through  any  of  the  patches  of  cartilage 
which  remain.  The  superficial  layers  of  the  cartilage  will  be 
absent  as  if  scraped  away  (Fig.  11,  a),  but  the  remaining  deeper 
part  shows  the  cell-groups  (Fig.  11,  c,  <2)  in  active  proliferation, 
tending  however  to  form  groups  of  two  or  three  cells,  or  even 
scattered  single  cells.  The  single  cells  are  most  numerous  as 
they  approach  the  surface  of  the  bone,  and  there  they  become 
transformed  into  bone-corpuscles,  thus  increasing  the  circum- 
ference of  the  Haversian  systems  by  contributing  additional 
layers  to  it. 

The  details  of  their  conversion  are :  at  the  immediate  margin 
of  the  bone  such  a  thing  as  a  group  of  cells  is  a  rarity,  they  have 
broken  up  into  isolated  round  cells,  unusually  transparent.  When 
one  of  these  comes  so  near  the  bone  as  to  be  in  contact  with  it 
(Fig.  11,  e),  it  becomes  surrounded  with  a  halo  of  ossified  matter, 
conmiencing  at  the  point  of  contact,  running  rapidly  round  the 
cell,  and  forming  a  ring  round  it  -^^  to  ^^  of  c^i^  ^^^  ^^ 
breadth.  It  looks  as  if  this  zone  of  ossification  were  formed  by 
deposition  of  calcareous  salts  in  the  hyaline  matrix,  but  dose 
investigation  of  this  point  shows  it  to  proceed  rather  from  an 
ossification  of  the  capsule  and  wall  of  the  cell  spreading  out- 
wards and  causing  absorption  <^  the  matrix.  The  cell  itself  is 
now  soldered  on  to  the  convex  periphery  of  the  Haversian 
system  and  forms  a  slight  rounded  prominence  upon  it  The 
same  process  occurring  in  other  cells  soon  causes  the  appearance 
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of  prominence  at  the  part  to  be  lost,  and  the  cell  passes  gradu- 
ally through  the  forms  intermediate  between  the  cartilage-cell 
and  the  bone-corpuscle,  tiU  it  finally  becomes  similar  to  the 
other  bone-corpuscles,  with  a  distinct  division  into  protoplasm 
and  nucleus. 

Along  the  growing  margin  of  the  bone  the  newly-formed 
bone-cells  are  large  and  rounded  (Fig.  11,  h),  and  to  some 
extent  are  crowded  into  clusters  corresponding  with  the  points 
of  most  active  cartilage-growth ;  but,  as  they  come  to  occupy 
situations  more  remote  from  the  margin  and  nearer  the  centre 
of  the  Haversian  system,  they  diminish  in  size  (Fig.  11,/),  and 
the  distinction  between  nucleus  and  protoplasm  becomes  less 
marked. 

There  are  thus  formed  at  the  margin  of  ossification  a  series 
of  Haversian  systems  (Fig.  11),  each'  arranged  in  concentric 
layers  around  its  governing  vessel,  appearing  to  project  like 
rounded  masses -into  the  cartilage.  The  line  of  ossification 
(Fig.  11)  thus  becomes  irregular,  the  irregularity  being  due  as 
it  were  to  a  series  of  segments  of  bony  circles  projecting  into 
the  cartilage.  In  time  the  masses  of  compact  bone,  favoured  by 
the  joint  movements  and  the  alteration  of  the  surface  of  the 
cartilage,  appear  through  the  cartilage,  and,  scraping  at  every 
movement  on  the  parts  opposite  them,  plough  furrows  in  it, 
and  these  furrows  and  ridges  are  the  more  distinct,  the  more 
nearly  the  joint  is  a  true  ginglymus. 

In  time  the  cartilage  is  thus  all  scraped  off  from  the  middle 
of  the  articular  facets,  and  then  the  bone  meets  bone.  The 
friction  which  now  ensues  is  too  much  for  the  bone  to  resist, 
deprived  as  it  is  of  any  cartilage  which  might  have  replaced  the 
rubbed  down  portions,  and  accordingly  the  compact  bone  and 
its  Haversian  systems  are  rubbed  away  (Fig.  10,  a),  just  as  one 
stone  might  be  rubbed  down  by  another,  the  resulting  facet 
cutting  off  all  projecting  parts  irrespective  of  their  central 
vessel,  the  vascular  canals  themselves  being  even  laid  open 
(Fig.  10,/).  Hence  are  formed  the  hard  facets  called  "por- 
cellanous  deposit,"  being  simply  compact  bone  without  any 
special  deposit.  In  large  joints,  where  weight  and  pressure 
must  be  borne  in  addition  to  the  friction,  the  work  of  destruc- 
tion goes  on  with  irresistible  force,  till  considerable  portions  of 
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the  bones  have  disappeared,  and  nothing  puts  a  stop  to  the 
process  unless  ankylosis  occur,  a  termination  which,  in  joints 
favourably  situated,  is  occasioually  met  with. 

At  the  periphery  of  the  cartilage  the  process  is  identical  in 
its  nature  though  differiog  in  its  results.  A  section  shows 
that  the  new  bone  formed  at  the  peripheral  part  of  the  flat 
portion  of  the  facet  is  both  ground  away  and  pressed  outwards 
so  as  to  form  a  flat  collar  (Fig.  10,  b)  within  the  attachment  of 
the  ligaments.  The  cartilage  at  the  extreme  outer  margin, 
where  the  articular  facet  passes  into  the  side  of  the  bone 
(Fig.  10,  g),  and  which  is  in  intimate  relation  to  the  ligaments, 
is  able  to  proliferate  unchecked.  It  becomes  alt^ed  so  as  to 
assume  ahnost  the  characters  of  epiphysal  cartilage.  By  rapid 
proliferation  it  comes  to  form  a  bulky  outgrowth  from  the 
bone  (Fig.  10,  g).  Its  hyaline  matrix  (Fig.  12,  a)  appears  less 
pellucid  and  more  granular  and  striated,  the  striation  for  the 
most  part  perpendicular  to  the  surface  of  the  bone.  Its  cell- 
groups  (Fig.  12,  b)  are  changed  into  longitudinal  rows,  some« 
what  as  in  epiphysal  cartilage,  but  more  slender,  composed 
of  smaller  and  fewer  cells ;  these  rows  lie  parallel  to  the  fibril- 
lation and  at  right  angles  to  the  bone.  As  they  approach  it, 
they  tend  to  break  up  into  single  cells,  so  that  by  the  time  the 
bone  is  reached  they  exist  no  longer  as  groups  but  as  solitary 
cellsL  These  are,  in  their  turn,  on  reaching  the  margin  of 
ossification,  transformed  into  bone-corpuscles  (Fig.  12,  g)  by 
the  process  already  described,  without  having  undergone  a 
transmutation  into  medulla.  From  a  continuance  of  the  process 
arise  the  fungous  masses  of  bone,  forming  so  marked  a  feature 
of  the  disease  as  to  have  gained  for  it  the  name  of  Arthritis 
Nodosa. 

To  sum  up : — 

(1)  The  cartilages  proliferate  in  the  same  manner  as  in 
Scrofulous  Arthritis,  but  with  some  distinguishing  peculiari- 
tiesy  viz.: 

(2)  The  cartilage-cells  pass  into  bone-cells  without  having 
become  medullary  tissue. 

(3)  They  form,  by  means  of  Haversian  systems,  a  dense 
layer  of  compact  bone,  which,  after  the  destruction  of  the  car- 
tilage, is  worn  into  facets. 
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(4)  The  mai^DS  of  the  cartilage,  similarly  affected,  form 
osBeous  masses  overhanging  the  ends  of  the  bones. 

In  conclusion,  the  facts  briefly  detailed  above,  seem  to 
render  necessary  a  revision  of  the  present  doctrines  concerning 
many  of  the  deformities  and  diseases  connected  with  joints, 
for  it  cannot  but  be  that  they  are  considerably  influenced  by 
the  process  of  new  bone-formation,  which  has  been  seen  to  be 
the  main  function  of  articular  cartilage. 

It  must  be  admitted  that  we  at  present  understand  little  of 
the  forces  at  work  in  modifying  the  forms  and  dimensions  of 
articulations.  In  undertaking  the  cure  of  a  congenital  club- 
foot, for  example,  we  know  that  we  have  to  deal  with  bones 
still  possessing  their  foetal  forms  and  differing  greatly,  both  in 
size  and  shape,  from  those  which  are  present  in  a  well-formed 
limb.  By  properly  directed  force  we  succeed  in  giving  the 
bones  a  shape  not  far  removed  from  that  which  they  ought  to 
have  had.  It  is  evident  that  a  power  spontaneously  to  mould 
themselves  must  reside  in  the  bones,  and  hitherto  the  peiios* 
teum  and  medulla  have  been  the  only  structures  in  a  Mly- 
formed  ,bone  that  have  been  shown  to  possess  this  function. 
But  if  the  functions  claimed  above  be  admitted  as  proven,  it 
will  be  necessary  to  concede  to  articular  cartilage  a  power  of 
influencing  the  length  of  the  bones  similar  to  that  possessed  by 
periosteum,  of  influencing  their  breadth.  In  the  changes  pro- 
duced in  the  form  of  the  tarsal  bones  during  the  cure  of  club- 
foot, therefore,  it  will  in  future  be  requisite  to  recognize  the 
importance  of  the  office  performed  by  the  joint-cartilages  in 
supplementing  the  surgeon's  efforts  to  restore  the  bones  to 
their  proper  form  and  size. 

Doubtless  also  the  disease  of  the  knee-joint  known  as 
"knock -knee"  (genu  valgum),  owes  its  causation  less  to  a 
subacute  inflammatory  condition  of  the  bone  as  hitherto  as- 
sumed, than  to  some  alteration  leading  to  an  interference  with 
the  peculiar  function  of  articular  cartilage.  I  have  as  yet  had 
no  opportunity  of  examining  such  a  case,  or  any  case  of  similar 
deformity  occurring  in  other  articulations. 

But  it  would  be  tedious  to  dwell  upon  the  application,  to 
almost  every  joint-affection  in   which   cartilage  is,   however 
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remotely,  implicated,  of  an  attempt,  of  which  the  preceding  s 
a  condensed  rSsumS,  to  fill  up  what  has  long  been  a  serious 
gap  in  our  knowledge  of  the  physiology  and  pathology  of  the 
articular  surfaces  of  bones. 

EXPLANATION  OF  PLATES. 

Plats  I. 

figure  L  Perpendicular  section  of  the  articular  cartilage  on  tlie  upper 
snrfiice  of  a  healthy  adalt  astragalus.  a.  Cartilage  developing  towards 
the  joint  into  a  non-cellular  structure  suitable  for  Ming  destroved  by  the 
friction  moTements  of  the  articulation.  The  cells  are  replaced  by  mere 
clefts  in  the  hyaline  matrix ;  5.  Focus  of  central  ^wtb  whence  the 
cartilage  grows  in  all  directions ;  e.  Cartilage  destined  to  form  new 
bone,  and  growing  towards  the  bone  in  elongatea  groups  and  rows  of  cells ; 
d.  Level  surfisuse  of  the  bone  marked  by  sSght  prominences,  which,  in  the 
drawing,  are  not  shown  so  distinctly  as  they  should  haye  been.  Magnified 
150  diametera 

Figure  2.  Section  through  the  boundarjF  line  between  bone  and  articu- 
lar cartilage  from  the  upper  surface  of  the  tibia,  in  a  slightly  inflamed  knee- 
joint  (scrofulous  synontis).  a.  Granular  hyaline  matrix  of  cartilage; 
o.  Elongated  groups  of  proliferating  cartilage-cells  destined  to  form  new 
bone ;  c  The  same  undergoing  by  proliferation  a  transformation  into 
medulla ;  d.  Prominences  of  medulla  confluent  with  each  other  at  their 
bases  e ;  f.  Development  of  the  deeper  surfaces  of  the  prominences  into 
bone;  g.  Wavy  boundary  Une  between  articular  oartua^  and  bone; 
A.  Prolongations  of  the  hyaline  matrix  of  cartilage  undergoing  absorption. 
Magnified  320  diameters* 

Plate  IL 

Figwre  3.  Section  through  the  boundary  line  between  bone  and  articu« 
lar  cartilage  of  the  tibia  in  a  case  of  scrofulous  arthritis  of  the  knee* 
joint.  ck  Granular  hyaline  matrix ;  b.  Proliferating  groups  of  carti- 
lage-cdls;  c.  Group  of  cartilage-cells  transformed  into  medulla^  and 
dereloping  at  the  end   next  the  bone  into  a  cup  of  osseous  tissue; 

d.  Groups  of  cartilage-cells  transformed  into  medulla,  and  passing  at  the 
periphery  into  osseous  tissue ;  e.  Osseous  tissue  forming  an  irregular 
Doundary  Une  between  bone  and  cartilage ;  f,  Prolon^tion  of  the  hyaline 
matrix  undergoing  absorption ;     g.    Fat-cells.     Magnified  320  diameters. 

Figure  4.  Section  through  boundary  line  between  diaphysis  and  epi- 
idiysal  curtilage  from  the  tibia  of  a  boy  of  ton.  a.  zone  of  central 
growtii;  h.  Proliferation  of  the  cartilage  preparatory  to  the  formation 
of  bone ;  c.  Boundary  line  between  cartilage  and  bone ;  d.  Sausage- 
shaped  masses  of  medulla  formed  out  of  proliferating  cartilage  groups ; 

e.  Processes  of  hyaline  matrix  undergoing  absorption;  f.  Bone  de- 
Teloped  by  the  periphery  of  the  sausage-shapea  masses  of  medulla; 
g.  KouLeaux  of  cartilage-cells  before  their  transformation  into  medulla ; 
A^    Portion  of  the  cartilage  next  the  epiphysis.    Magnified  150  diameters. 

Plate  IIL 

Figure  5.  Perpendicular  section  through  the  Joint-surface  of  healthy 
articular  cartilage  at  its  junction  with  the  synovial  fringe,  a.  Zone  of  cen- 
tral growth;  6.  Synovial  fnnge  pasnng  gradually  into  cartilage ;  e.  Effete 
superficial  layer  of  cartilage  continuous  with  synovial  frinf^e ;  d  Fibril- 
hition  of  the  hyaline  matrix  where  the  cartilage  is  passing  into  synovial 
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fringe ;     e.  Transformation  of  cartilage-cells  into  the  oat-shkped  cells  of 
the  synovial  fringe.    Magnified  200  diameters. 

Figure  6.  Section  through  articular  cartilage  and  bone  from  the  lower 
end  of  a  femur  expanded  by  a  vascular  tumour.  a.  Hyaline  matrix  of 
the  cartilage;  b.  Proliferating  cartilage  cell-groups ;  e.  Boundary  line 
between  normal  and  altered  cartilage;  d.  rroliferating  cartilage  cell- 
groups;  e.  Cartilage  cell-groups  transformed  into  medulla;  /.  The  same 
becoming  transformed  at  the  periphery  into  bone ;  g.  Bone ;  h.  Canals 
eaten  through  bone  by  a  tongue  of  vascularized  medulla  going  to  the  trans- 
formed cartilage  cell-groups ;  t.  Border-line  between  bone  and  cartilage ; 
e  to  t.    Zone  of  altered  cartilage.    Magnified  200  diameters. 

Platb  IV. 

Figure  7.  Articular  cartilage  in  Scrofulous  Arthritis.  a.  Prolife- 
rating cartilage  cjU-group&  b.  Granular  hyaline  matrix,  c.  Clear  sone 
of  hyaline  matrix  around  the  cell-groups.     Magnified  600  diameters. 

Figure  8.  Section  through  articular  cartilage  and  bone  in  Scrofulous 
Arthritis.  From  the  head  of  the  tibia.  a.  Proliferating  cartilage  cell- 
groups;  b.  The  same  transformed  into  medulla  at  the  ends  nearest  the 
bone;  c.  The  same  completely  transformed  into  medulla,  and  developing 
into  osseous  tissue  at  their  ends  nearest  the  bone ;  d.  Cartilage  cell-group 
transformed  into  medulla ;  e.  Cartilage  cell-groups  transformed  into 
medulla  and  producing  osseous  tissue  at  the  boundary  line  :  that  to  the 
left  has  become  conne<Sed  with  the  vascular  system ;  ^  The  same,  dnb- 
shaped;  g.  Irregular  bNoundary  line;  A.  Fat-cells;  t.  Bone;  k.  Hya- 
line matrix.   Magnified  150  diameters. 

Plate  V. 

Figure  9.  Section  of  the  joint-sur£Ace  of  articular  cartilage  in  Scrofu- 
lous Arthritis.  From  the  upper  end  of  the  tibia,  (l  Joint  surfiioe; 
b.  Cartilage  converted  into  granulation  tissue ;  c.  Isolated  cartilage-cells 
developing  into  rounded  cells;  d.  Isolated  elongated  cells.  Magnified 
800  diameters. 

Figure  10.  Section  through  the  margin  of  the  articular  facet  of  a 
phalanx  in  Chronic  Rheumatic  Arthritis.  a.  Articular  facet  formed  of 
rubbed-down  compact  bone  (oorcellanous  deposit);  b.  Newly-formed 
conipact  bone  pressed  outwaros;  c.  Haversian  canals;  d.  Medulla; 
e.  Haversiaii  systems;  f.  Haversian  canals  laid  open  by  attrition; 
g.  Proliferating  articular  cartilage  developing  into  A;  A.  Compact  bone; 
A.    Ajticular  cartilage  developing  into  bone  b.    Magnified  100  diameters. 

Plate  VI. 

Figure  11.  Section  through  a  patch  of  articular  cartilage  on  a  ^'porcel- 
fanous''  facet  in  Chronic  Rheumatic  Arthritis.  a.  Joint-sur&oe.  The 
superficial  layers  have  been  scraped  away  by  the  joint  movements: 
b.  Granular  hyaline  matrix;  c.  Proliferating  cell-groups;  d,  Isolatea 
cartilage-cells;  e.  The  same  soldered  to  the  bone  by  a  calcareous  zone; 
/.  Haversian  systems;  g.  Haversian  canals;  A.  Clusters  of  bone-cor- 
puscles formed  out  of  cartilage-ceHs.    Magnified  400  diameters. 

Figure  12.  Section  through  the  boundary  line  between  g  and  A  in 
Figure  10,  Plate  V.  a.  Fibrous  transformation  of  hyaline  matrix; 
b.  Cartilage  cell-groups;  e.  Bone;  d.  Medulla;  e.  Process  of  vas- 
cularized medulla,  incipient  Haversian  canal;  /.  Fat-cells;  g.  Isolated 
cartilage-cells  soldered  to  the  bone  and  becoming  transformed  into  bone- 
oells;  A.  Groupsofbone-corjpuscles  formed  out  of  cartilage-cells;  i.  An 
isolated  cartilage-cell.     Magnified  400  diameters. 


The  brain  AND  CRANIAL  NERVES  OF  ECHINORHI- 
NUS  SPINOSUS,  WITH  NOTES  ON  THE  OTHER 
VISCERA.  By  Wm.  Hatchktt  Jackson,  B.A.,  F.L.S., 
New  College,  and  Wm.  Bruce  Clarke,  B.A.,  BurdeU- 
Coutts  Scholar,  Pembroke  CoUegey  Demonetratcrs  of  Anor 
tomy.  University  Museum,  Oxford^  [PL  vii.]. 

Since  the  commencement  of  the  present  year,  the  Anatomical 
Departoient  of  the  University  Museum,  Oxford,  has  received 
two  specimens,  both  in  a  very  good  state  of  preservation,  of  the 
rare  shark,  Echinorhinus  Spinosns.  One  specimen,  a  fine 
female,  was  captured  on  Feb.  loth,  1875,  in  Mount's  Bay, 
Penzance,  by  a  fisherman  without  any  aid,  a  rather  remarkable 
feat.  It  was  received  at  the  Museum,  Feb.  20th,  and  dissected 
the  same  day,  having  kept  OKceedingly  well;  a  circumstance 
probably  due  in  part  to  the  great  cold  then  prevailing,  in  part, 
perhaps,  to  the  deep-sea  habitat  of  the  fish.  The  other  speci- 
men, a  male,  was  also  caught  at  Penzance  on  Tuesday  night. 
May  4th,  and  was  dissected  the  following  Saturday.  The  re- 
spective dimensions  of  the  two  sharks  were  as  follows : — 

Male  Female. 

Tip  of  snout  to  end  of  tail 5fU     1  in.         7ft.    8in. 

Snout  to  nostril 0        6 

„       eye  0         5J  0        7 


if 

79 


spiracle    0  9 

Ist  gill-opening  0  11 

anterior  edge  of  pectoral  fin 1  3 

anterior  edge  of  ventral  fin    2  10} 

base  of  Ist  dorsal  fin 3  0 


Oi 
6t 
11 
3 


7* 

„       base  of  2nd  dorsal  fin 3         5|  6        4| 

Length  of  pectoral  fin    0         8  0      10^ 

„         dorsal  I 0        5  0        8 

„         dorsal  II  0        4i  0        7 


1  In  this  paper  the  deeoription  of  the  brain  \b  hy  Ut  Jackson.  The 
dieeeetion  of  the  fifth  group  of  nerres  was  made  by  Mr  Clarke,  of  the  eighth 
by  Mr  Jackson — and  they  are  severally  responsible  for  the  accuracy  of  the 
descriptions  of  these  gronps.  On  the  other  hand,  both  authors  cononr  in  the 
honudogiee  expressed.  The  notes  on  the  viscera  are  extracted  partly  from  the 
If osenm  Note-book,  and  are  partly  taken  from  the  specimens  preserved  in  the 
Biological  Department. 
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Male.  Female. 

Width  at  eyes    Oft.  Tin.  Oft.  9in. 

„         spiracle  0  9J  1  li 

Girth  behind  pectoral     2  0  2  IL 

„  in  front  of  pectoral 1  11 

Girth  at  root  of  taU    0  8i  I  ^ 

Length  between  tip  of  tail-lobes  1  2|  19 

Weight  of  female  250  lbs. 

There  is  no  need  to  give  any  description  of  the  animal,  as  Professor 
Turner  has  already  done  so  with  great  care  in  the  May  number  of 
this  Journal  (p.  295).  In  this  paper  we  propose  to  treat  first  of  the 
nervous  system,  which  we  have  been  able  to  work  out  to  a  very  great 
extent,  and  then  to  append  some  notes  on  the  visceral  anatomy  sup- 
plementary to  those  published  by  Professor  Turner  in  bis  paper 
before  mentioned.  Professor  Kolleston  has  kindly  put  all  the  ma- 
terial at  our  disposal,  and  has  allowed  us  to  extract  from  the  Note- 
book of  the  Anatomical  Department,  aiding  us  in  addition  with  his 
counsel  and  advice,  for  which  we  desire  to  thank  him  most  heartily  \ 

§  1.  The  cranial  cavity  in  both  sharks  was  very  large;  and 
the  braui  occupied  but  a  very  small  proportion  of  it.  The 
cavity  continued  onwards,  surrounding  the  olfactory  tracts. 
This  continuation,  as  well  as  the  main  cavity  itself,  was  filled  with 
a  very  clear  and  liquid  arachnoid  fluid,  of  a  yellowish  tint. 
Strong  connective-tissue  fibres  crossed  it  in  every  direction, 
supporting  (apparently)  numerous  blood-vessels  destined  for  the 
pia  mater. 

§  2.  The  brains  of  both  individuals  disclosed  on  careful 
comparison  no  differences  whatever.     One— that  of  the  female 

^  The  following  list  gives  the  titles  of  the  ohief  works  to  whioh  we  have 
oeoasion  to  refer  repeatedly  in  the  course  of  our  paper,  and  the  abbreviations 
employed  for  the  s^e  of  referenoe  in  eadi  case. 

Gegenbanr — ^Ueber  die  Eopfnerven  von  Hexanohns  (mit  Tafel  zm).  JenaUeha 
ZeiUckHfU  ▼!.  1871.  (J.  Z.) 

Gegenbaur — UntergueJtungen  zur  VergUichenden  Anatonde  der  Wirhelthiere. 
Heft  III.  1872.    (V.  A.) 

Von  Mikluoho-Maolay— Btfttrfiptf  tur  VergUichenden  NeurologU  der  Wirhel- 
thiere.   Leipzig,  1870.     (M.  M.) 

StanniuB — Dm  peripherische  Nerven'tyttem  der  Fieche,  Bostock,  1849. 
(St) 

Henle — Handbaeh  der  Systematieehen  Anatomie  der  Memchen.  Band  m. 
Abtheilong,  n.  1871.     (H.) 

Qnain  and  Bhtuqpey—EUmenU  of  Anatomy,  Vol.  n.  Ed.  7, 1867.    (Q.  S.) 

Strieker — Manual  of  Hietology.  Translated  by  H.  Power,  M.B.,  Vol  n. 
1872.    (8r.) 

Parker — On  the  Stnictnre  and  Development  of  the  Skull  in  the  Salmon. 
Phil,  Trans.  1878,  p.  96.     (*  Salmon.') 

Parker — On  the  Stractnre  and  Development  of  the  Sknll  in  the  Pig.  PhiU 
Trafw.  1874,  p.  289.    CPig.*) 
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— ^was  removed  and  preserved  as  a  permanent  museum  prepara- 
tion,  and  it  is  from  this  specimen  that  the  following  description 
is  mainly  derived. 

The  brain  of  Echinorhinus  belongs  to  the  fivBi  type  of  Sela- 
chian brain  described  by  Miklucho-Maclay.  The  distinctive 
marks  of  this  type  are  according  to  him  (Af.  M.  pp.  9  and  10) ; 
(i)  slight  difference  in  external  form  between  the  adult  and 
embryonic  brains;  (ii)  the  great  permanent  size  of  the  cavities; 
(iii)  the  longitudinal  extent  of  the  adult  brain,  noticeable 
especially  in  the  length  of  the  olfactory  tracts  and  the  cerebral 
peduncles;  and  (iv)  the  unusual  size  of  the  fourth  ventricle. 

So  far  as  we  have  been  able  to  ascertain,  the  brain  of  this 
particular  shark  appears  never  to  have  been  figured  or  described. 
Accordingly  the  figure  (PI.  VII.,  Fig.  1)  has  been  given,  and  it 
is  interesting  to  note  the  close  resemblance  existing  between 
the  brain  of  Echinorhinus  and  the  brain  of  Hexanchus  as  drawn 
by  M.  Maclay  (if.  M.  Taf,  li.  Figs.  8  and  9),  and  by  Qegenbaur 
(71  Z.  Taf.  xiii.  figs.  1  and  3). 

§  3.  The  olfactory  tracts  ( Olf.  PL  VII.,  fig.  1)  are  separated 
by  a  slight  constriction  from  the  succeeding  portion  of  brain. 
They  are  long,  flattened,  and  are  marked  superficially  by  lon- 
gitudinal striations.  This  striation  clearly  denotes  a  separation 
of  the  fibres  into  larger  and  smaller  bundles.  There  is  no 
terminal  bulbous  expansion:  the  bundles  of  fibres  simply  sepa- 
rate £rom  one  another,  and  spread  out  like  a  fan  on  the  posterior 
surface  of  the  nasal  mucous  membrane. 

The  olfactory  tracts  arise  from  the  anterior  angles  of  the 
still  undifferentiated  cerebral  lobes  and  thalami  optici.  Maclay 
regards  this  part  of  the  brain  as  representing  the  cerebral  lobes 
alone  (Vorderhim,  M.  M,,  p.  2),  but  there  are  good  reasons  for 
adhering  to  the  ordinarily  received  nomenclature,  as  is  here 
done.  This  portion  of  the  brain  is  roughly  triangular  [C,  PI. VII., 
fig.  1)  in  shape,  the  truncated  apex  being  turned  backwards. 
The  base  of  the  triangle  presents  at  its  anterior  edge  in  the 
middle  line  a  slight  furrow,  which  indicates  a  commencing 
differentiation  into  a  right  and  left  lobe.  This  furrow  deepens 
as  it  extends  on  to  the  inferior  surface,  where  the  brain  swells 
out  anteriorly  on  either  side  into  a  perfectly  distinct  elevation. 
On  the  upper  surface  there  is  a  slight  indication  of  similar 
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swellings  on  either  side.  But  by  far  the  larger  portion  of  the 
upper  surface  is  occupied  by  the  third  ventricle  (  F.  3).  To  the 
roof  of  this  ventricle  which  has  been  left  on  the  right  side  is 
hanging  the  long  filamentary  pineal  gland  {Pi.)  attached  at  one 
end  to  the  roof  of  the  cranium  in  the  natural  condition  of  the 
parts,  and  traceable  in  the  membranous  roof  of  the  third  ven- 
tricle back  to  the  posterior  edge  of  the  third  ventricle  consti- 
tuted by  the  optic  lobes.  The  sides  of  the  third  ventricle  are 
but  slightly,  if  at  all,  thickened,  and  must  be  held  to  represent 
the  little  developed  optic  thalami  (7%.)*  ^^  ^^^  inferior  aspect, 
and  slightly  in  front  of  the  posterior  edge  of  the  third  ventricle, 
rise  the  optic  nerves  {Op.),  small  and  round,  having  a  chiasma 
of  remarkable  lateral  extent.  Immediately  behind  the  chiasma 
is  the  pituitary  body — the  front  portion  of  which  is  light- 
coloured  like  the  rest  of  the  brain — the  hind  portion  (Hsemato- 
sac)  dark,  vascular  and  thin-walled.  The  pituitary  body  was 
closely  attached  to  the  floor  of  the  cranium. 

§  4.  The  Mesencephalon  {C.  B.)  has  but  a  slight  median 
furrow,  but  bulges  laterally  on  either  side,  thus  showing  the 
division  into  a  right  and  left  optic  lobe.  It  is  partially  covered 
behind  by  the  cerebellum.  The  inferior  surface  of  this  part  of 
the  brain  is  smooth,  broad  anteriorly,  and  narrowing  somewhat 
posteriorly.  It  is  slightly  depressed  in  the  middle,  indicating 
a  separation  of  a  right  and  left  cerebral  peduncle.  The  third 
pair  of  nerves  (in)  arises  from  it  about  ^  in.  behind  the  pitui- 
tary body  by  a  single  root  on  either  side,  situate  very  near  the 
middle  line.  M.  Maclay  regards  this  division  of  the  brain  as  the 
Thalamencephalon  ( =  Zwischenhim). 

§  5.  The  Cerebellum  (Mittelhim,  M.  Maclay)  is  lozenge- 
shaped,  and  yields  to  the  touch,  having  without  doubt  a  large 
internal  cavity  such  as  exists  in  Hexanchus.  Anteriorly  (Ce.) 
it  overlaps  the  optic  lobes,  posteriorly  the  fourth  ventricle,  both 
to  about  the  same  proportionate  extent.  It  is  marked  superiorly 
by  a  central  longitudinal  depression,  and  there  are  two  other 
slight  depressions,  one  on  either  side  at  the  external  or  lateral 
angles  of  the  lozenge.  The  slender  fourth  nerve  (iv)  arises 
between  the  cerebellum  and  the  optic  lobes  on  the  upper  or 
dorsal  surface. 

§  6.     The  medulla  oblongata  {M.  0.)  is  of  great  extent — 
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making  fully  one  half  of  the  total  length  of  the  whole  brain. 
This  great  length  is  however  obscured  partially  by  the  over- 
hanging posterior  angle  of  the  cerebellum  when  the  brain  is 
viewed  from  above.  Anteriorly  the  medulla  is  broad,  about 
finch;  it  narrows  posteriorly  by  degrees  and  passes  into  the 
spinal  cord,  which  is  barely  |  inch  in  transverse  diameter,  and 
shews  a  somewhat  elliptical  figure  in  cross  section. 

Forming  the  floor  and  sides  of  the  medulla  oblongata  are 
four  perfectly  distinct  strands.  The  outermost  («.)  is  exceed- 
ingly slender  at  its  commencement,  gradually  thickens,  and  be- 
coming convoluted  forms  at  last  the  outermost  part  or  free  edge 
of  the  trigeminal  lobes.  Internal  to  this  strand  is  a  column  {g) 
round  and  stout  from  the  very  beginning.  It  has  five  distinct 
nodular  swellings — vagal  lobes — ranged  one  in  front  of  the 
other.  Gegenbaur  figures  in  Hexanchus  six  of  these  ganglionic 
masses.  Anteriorly  to  the  first  swelling  the  tract  appears 
somewhat  enlarged  and  curves  out  of  sight,  probably  joining  the 
outermost  tract,  and  entering  into  the  formation  of  the  trigemi- 
nal lobes.  Both  these  tracts  seem  to  spring  from  the  posterior 
columns  of  the  cord.  ( F.  A.,  pp.  266  and  267.)  Internal  to 
the  nodular  tract  there  is  another  (p')  which  takes  a  perfectly 
strsught  course — is  broad  below  and  narrow  above.  It  appears 
to  correspond  chiefly  to  the  lateral  column  of  the  cord,  and  is 
separated  from  the  tract  (gr)  by  a  well-marked  furrow.  On  its 
inner  side  it  is  separated  above  and  below  by  an  equally  well- 
marked  furrow,  from  the  most  mesially  situated  tract  of  all  {p\ 
but  at  about  the  middle  of  the  medulla  this  inner  furrow  is 
partially  obscured  by  fibres  which  pass  inwards  from  the  tract 
{p)  into  the  tract  (p).  This  latter  tract  (p,  anterior  pyramid, 
Gegenbaur,  fasciculi  teretes,  M.  Maclay  he,  cit)  seems  to  be 
derived  from  the  anterior  column  of  the  cord,  is  yellowish  in 
colour,  and  is  separated  from  its  fellow  by  a  deep  longitudinal 
fissure  (sulcus  centralis).  It  takes  also  a  perfectly  straight 
course  fore  and  aft.  In  the  absence  of  recent  and  accurate  in- 
vestigations into  the  course  of  fibres  from  the  cord  into  the 
medulla  oblongata  in  fish  and  lower  vertebrates,  it  is  safer  per- 
haps not  to  speculate  confidently  on  the  homologies  of  these 
several  tracts.  Judging  superficially,  the  tracts  {p)  seem  to 
correspond  best  with  the  anterior  pyramids — ^the  tracts  {p)  with 
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the  fasciculi  teretes — ^the  tracts  («)  and  (g)  with  the  restiform 
bodies  and  the  fasciculi  graciles. 

The  inferior  surface  of  the  medulla  is  somewhat  swollen  on 
either  side  the  middle  line.  From  it  lise  anteriorly  the  fifth 
(v),  seventh  (vii),  and  auditory  (at*)  nerves.  About  |inch 
behind  the  last-named  nerve  and  nearer  to  the  middle  line 
rises  the  abducens  by  three  rootlets  on  each  side.  A  quarter  of 
an  inch  behind  the  auditory  and  more  laterally  placed  is  the 
origin  of  the  glossopharyngeal  (ix),  and  the  upper  (posterior) 
roots  of  the  vagus  (x)  issuing  from  the  sides  of  the  medulla  in  a 
continuous  line  as  far  down  as  the  posterior  extremity  of  the 
fourth  ventricle.  On  the  inferior  surface  close  to  one  another 
in  the  middle  line  are  the  lower  (anterior)  roots  of  the  vagus 
(x'),  four  in  number. 

The  roof  of  the  fourth  ventricle  is  exceedingly  thin  posteri- 
orly. It  is  thicker  in  front,  and  there  appears  to  contain  a 
small  quantity  of  nervous  matter,  which  is  at  its  thickest  be- 
tween the  trigeminal  lobes. 

In  discussing  the  homologies  of  the  cranial  nerves  we  have 
adopted  Mr  Parker's  views  of  the  visceral  arches,  embodied  in 
his  latest  papers  on  the  development  of  the  skull  of  the  Salmon, 
and  Pig,  and  on  the  "Form  and  use  of  the  facial  arches" 
{Monthly  Micr.  J.,  1871,  Vol.  vi.  p.  211). 

Hence  we  consider  that  the  trabecule  cranii  and  the  palato- 
pterygoid  cartilages  constitute  two  prm-oral  visceral  arches^ 
with  a  cleft  (the  lacrymal  cleft)  between  them.  (Cp.  'Salmon,' 
p.  126.) 

We  have  also  adopted  the  view  held  by  Gegenbaur,  in  his 
paper  on  Hexanchus,  that  each  individrial  cranial  nerve  supplies 
the  anterior  and  posterior  edges  of  a  visceral  cleft.  By  applying 
these  views  to  the  anterior  region  of  the  skull,  which  has  under- 
gone considerable  change  from  its  simplest  condition,  it  will  be 
seen,  in  the  sequel,  that  we  have  arrived  at  results  different  to 
those  hitherto  attained. 

§  7.  The  three  motor  nerves  of  the  eye  are  all  present 
They  present  scarcely  anything  worthy  of  note  save  the  fact 
that  the  third  nerve  sends  a  branch  to  the  external  rectus. 

As  to  the  homologies  of  these  nerves,  whether  they  are 
differentiations  of  the  fifth,  as  held  by  Oegenbaur,  or  represent 
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nerves  belonging  to  three  Buppressed  myotomes  of  Ampbioxus^ 
as  suggested  by  Prof.  Huxley  (K  Soc,  Proc.^  Vol.  23^  p.  130),  we 
bave  no  facts  to  guide  us  to  any  further  elucidation.  The  only 
fact  to  which  we  wish  to  draw  attention  is  this:  Oegenbaur 
(J.  Z.  p.  513)  considers  it  as  an  important  point,  that  they  in* 
variably  run  below  the  ramus  ophthalmicus:  is  it  not  equally 
important  that  they  are  invariably  situated  above  the  maxillary 
branches  of  the  fifth  ? 

§  8.    The  roots  of  the  fifth  and  the  seventh  are  closely  con- 
nected, as  is  commonly  the  case  in  fishes,  therefore  it  will  be  as 
\  well  to  describe  them  together,  though  the  nerves  will  be  treat- 

ed separately  afterwards. 

The  references  are  all  to  PL  YU.  Fig.  ii. 

Three  roots  are  plainly  discernible. 

Ya.  The  anterior  root  arises  from  the  inferior  surface  of  the 
medulla  oblongata^  by  two  well-marked  rootlets  (Ya  1  and  2) 
situated  one  above  the  other,  which  join  together  after  about 
J  inch.  The  trunk  thus  formed  passes  outwards  for  about  an 
inch,  until  it  reaches  the  exterior  wall  of  the  cartilaginous 
cranial  wall,  where  it  is  joined  by  Y/3. 
\  \I3.    This  root  has  a  well-marked  superior  rootlet,  which 

arises  from  the  lobus  trigeminus,  and  after  about  ^  inch  joins 
the  inferior  rootlet,  which  arises  below  from  the  medulla  oblon- 
gata in  company  with  Y7,    The  nerve  thus  constituted  then 
unites  with  Ya  as  described  above. 
\  Y7  and  YII.    This  root  is  so  closely  united  with  Yfi  inferiorly 

as  to  be  scarcely  distinguishable  from  it  Some  of  its  fibres  rise 
just  above  the  auditory.  It  becomes  closely  connected  with 
Y^,  and  fibres  appear  to  pass  from  one  to  the  other. 

Thus  it  will  be  seen  that  from  the  numerous  rootlets,  two 
main  trunks  are  formed,  which  unite,  and  then  differentiate  as 
the  Fifth  and  the  Seventh  nerves,  the  latter  appearing  to  be 
chiefly  derived  from  Y7. 

§  9.    The  distribution  of  the  trigeminus  is  as  follows: 

Its  branches  may  be  divided  into  those,  i.  which  pass  above 
the  orbit  (R.  ophthalmicus),  and  iL  those,  Rr.  maxillares — which 
pass  transversely  outwards  below  the  eyeball. 

i  The  R  ophthalmicus  (  Opth.)  divides  into  the  R  ophth.  su- 
perficialis  and  the  B.  ophth.  profundus  of  Stannius,    The  former 
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^OpthJ)  of  these  runs,  as  id  always  the  case  in  vertebrata,  up- 
wards, closely  applied  to  the  posterior  wall  of  the  orbit,  giving 
off  on  its  way  several  small  branches  (dorsal  branches,  d.  (2.)  to  the 
roof  of  the  skull,  which  are  distributed  to  the  mucous  canals  and 
skin.  It  then  pierces  the  cartilage  at  the  antero-intemal  angle 
of  the  orbit,  and  is  distributed  to  the  skin  on  the  upper  sur- 
face of  the  cartilaginous  rostrum,  from  the  anterior  edge  of  the 
orbit  forward  (tr).  It  is  here  joined  by  small  branches  from  the 
R  ophth.  profundus  next  to  be  described. 

This  nerve  (o.n,)  arises  from  the  R.  ophth.  superficialis,  and 
gives  off  a  long  slender  twig,  the  ciliary  nerve  (ci.),  which  inns 
forward  to  the  eyebalL  After  giving  off  this  ciliary  nerve,  the 
main  trunk  passes  on  under  the  superior  and  internal  recti  and 
the  superior  oblique  as  in  man,  and  piercing  the  anterior  wall 
of  the  orbit  runs  in  the  substance  of  the  cartilage  underneath 
the  branches  of  the  superficialis.  With  this  nerve  it  anasto- 
moses, as  has  been  mentioned  above,  and  has  a  similar  dis- 
tribution (<r.). 

Oegenbaur  (J.  Z.  pp.  508,  545,  et  seq.)  identifies  the  R. 
ophthalmicus  with  the  B.  dorsalis  of  a  spinal  nerve,  a  view  we 
also  put  forward  in  the  Academy,  May  29,  1875,  p.  561.  The 
following  considerations^  however,  have  led  us  to  change  our 
opinion. 

In  all  vertebrata  the  Ophth.  superficialis  is  constantly  pre- 
sent, and  invariably  lies  above  the  eye  close  to  the  ethmoidal 
region,  and  it  commonly  sends  branches  forward  to  the  pituitary 
membrane  of  the  nose,  and  even  as  far  as  the  termination  of 
the  face  above  the  premaxillary.  In  this  shark  it  is  distri- 
buted ahove  the  rostrum,  and  so  also  is  the  profundus.  The 
rostrum*  be  it  remembered,  is  a  development  of  the  trabeculas 
cranii. 

It  has  been  sufiiciently  proved  that  the  trabeculss  cranii  are 
the  first  pair  of  prse-oral  visceral  arches,  often  perfectly  independ- 
ent of  the  investing  mass  with  which  they  subsequently  unite 
(c£  'Pig,'  PL  327,  PL  XXVIII.  Figs.  ii.  and  v.  tr.;  'Salmon,' p.  122, 
PL  I.  Fig.  V.  PI.  II.  Fig.  V.  <r,).  The  direction  of  their  long 
axis,  however,  has  undergone  a  change :  the  distal  ends  rotat- 
ing upwards  and  forwards,  consequently  the  primordial  ante- 
rior surface  has  become  continuous  with  the  dorsal  aspect  of 
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the  body,  ihougb  homolc^cally  it  is  not  a  dorml  Burfaoe. 
Hence  the  R.  ophthalmicus  is  a  nerve  distributed  to  the  anterior 
edge  of  a  visceral  arch  (viz.  the  trabeculaa  cranii),  as  may  be 
concluded  from  the  description  given  above.  Accordingly  we 
r^ard  this  nerve  as  the  prcetrabecnlar  nerve;  a  position 
strengthened  by  the  fact  that  Prof.  Huxley  describes  a  nerve 
in  Amphioxus  running  above  the  eyespot,  and  parallel  with 
the  chorda  dorsalis,  which  he  states  "has  the  characteristic 
course  and  distribution  of  the  orbito-nasal  division  of  the  tri-* 
geminal"  {loc.  ciL  p.  130).  If  any  branches  are  to  be  regarded 
as  rami  dorsales,  they  must  be  those  we  have  lettered  cLd. 

As  to  the  special  homologies  of  these  branches,  the  super- 
fidalis  has  in  fish,  reptiles  and  birds  an  extensive  distribution, 
whereas  in  man  it  has  become  restricted  to  '  frontal'  branches. 
The  profundns,  on  the  other  hand,  appears,  from  its  relations 
to  the  muscles  of  the  eye,  and  its  distribution,  to  correspond 
with  the  nasal  branch  of  the  ophthalmic  division  of  the  fifth. 
The  branches  d.  d.  in  Teleostei  become  intra^^aranial  branches, 
and  in  man  probably  correspond  to  the  nerrus  recurrens  oph- 
thalmici  of  Arnold,  which  goes  to  the  dura  mater  {H.  p.  854). 

ii  The  branches  below  the  eyeball  are  the  superior  and 
inferior  maxillary  nerves.  After  the  R.  ophthalmicus  has  been 
differentiated  from  the  fifth,  and  before  the  trunk  divides  into 
these  two  nerves  just  mentioned,  two  or  three  small  branches 
(df  dT)  arise,  which  pass  upwards  and  outwards  through  the 
cartilage,  and  are  distributed  to  the  skin  above  and  behind 
the  orbit. 

The  nerve  then  divides  into  two  trunks. 

The  upper  of  these,  the  superior  maxillary  (mx.),  divides 
into  three  branches,  an  anterior  branch  (n.p.),  which  is  by  far 
the  stoutest  of  the  three,  and  turns  over  the  anterior  edgo 
of  the  palato-pterygoid.  It  then  courses  along  below  the  ros^ 
trum  (trabecuIaB  cranii)  on  the  inner  side  of  the  nose,  supplying 
this  part  of  the  skin  with  sensorjr  branches. 

Of  the  two  other  branches,  one  (Z  0.)  arises  from  the  upper 
part  of  the  nerve,  is  exceedingly  slender,  and  is  distributed  to 
the  skin  on  the  inner  side  and  below  the  orbit,  in  front  of 
the  labial  cartilages.  The  other  {a.  pa.),  somewhat  larger,  is 
distributed  along  the  outer  or  anterior  edge  of  the  palate^ 
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pterygoid  cartilage  ia  its  whole  extent ;  it  gives  a  twig  (m)  to 
a  small  cylindrical  muscle,  which  lies  behind  the  labial  car- 
tilages, and  extends  between  the  inferior  edge  of  the  orbit  and 
the  external  angle  of  the  mouth.  All  the  other  branches  of  this 
nerve  (s.  pa.)  are  distributed  to  the  skin  between  the  labial 
cartilages  and  the  pterygo-palatine  bar. 

The  second  of  the  two  trunks  (mn.)  into  which  the  fifth 
divides  (supra),  gives  off  first  a  slender  branch  (6),  which  is 
distributed  to  the  skin  behind  the  orbit,  and  above  the  labial 
cartilages — a  spot  to  which  pass  also  a  few  other  fine  twigs 
from  the  main  trunk.  It  then  curves  over  the  palato-pterygoid 
cartilage,  giving  off  (i.)  a  small  fine  twig  (au)  to  a  muscle  con- 
necting the  palato-pterygoid  cartilage  to  the  auditory  capsule ; 
(ii.)  a  stouter  branch  (P.  M.)  to  a  large  muscle  passing  firom  the 
outer  end  of  the  palato-pterygoid  bar^  to  the  upper  end  of 
Meckel's  cartilage  or  the  mandible.  The  main  stem  of  the 
nerve  {mn)  curves  round  the  angle  of  the  mouth,  and  runs  along 
the  outer  surface  of  the  mandible,  distributing  branches  to  the 
skin  and  edge  of  the  jaw. 

Qegenbaur  in  his  paper  on  Hexanchus,  and  his  work  on  the 
Vertebrata  ( V.  A.  p.  228,  et  seq.)  regards  the  labial  cartilages  as 
visceral  archea  It  is  more  than  doubtful  whether  this  is  a 
tenable  view.  On  the  other  hand,  he  does  not  regard  the 
palato-pterygoid  as  a  visceral  arch  at  all,  whereas  it  has  un- 
doubtedly been  shown  to  be  so  by  Mr  Parker's  researches  (cfl 
^Salmon,'  pp.  141,  126,  PL  I.  Figs.  i.  and  vii.  pa\  PL  ii.  Figs, 
iii.  iv.  p,  pff, ;  *Pig,'  p.  327,  PL  xxviil.  Figs.  iL  v.  p.  pg).  He 
regards  the  nerves  accordingly  as  not  related  to  the  pterygo- 
palatine, but  to  the  labial  cartilagea 

A  careful  consideration  of  the  superior  maxillary  in  Echi- 
norhinus  has  led  us  to  regard  it  as  the  nerve  supplying  the 
posterior  margin  of  the  trabecular  arch,  and  the  anterior  edge 
of  the  palato-pterygoid.  The  cleft  between  them,  the  lacrymal 
cleft,  is  not  persistent  in  fishes,  save  perhaps  in  the  Dipnoi^ 
though  it  exists  in  the  higher  vertebrata. 

The  nerve  (n.p)  runs  along  the  inferior  surface  of  the 
trabeculse,  which  it  has  been  previously  shown  {supra)  must  be 
homologous  with  the  posterior  margin  of  that  arch.  It  is  also 
internally  placed  to  the  nose  and  the  eye,  and  consequently 
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"Would  be  the  nerve  in  firont  of  the  lacrfrmal  cleft.  This  cleft  is 
regarded  by  Mr  Parker  ('  Pig/  p.  328)  as  representing  exter- 
nally the  lacrymal  duct,  internally  the  posterior  nares.  The 
only  nenre  with  which  it  can  be  homologous  in  the  higher 
yertebrata  is  therefore  the  naso-<palatine,  which  is  distributed 
along  the  mesethmoidal  cartilage,  a  development  of  the  trabe- 
cule cranii. 

The  nerve  (s.pck)  on  the  other  hand  is  distributed  along  the 
whole  of  the  edge  of  the  pterygo-palatine.     Its  branches  lie 
1^  between  the  labial  cartilages  and  the  second  pne-oral  visceral 

arch,  in  relation  with  its  anterior  mai^in ;  they  must  therefore 
be  post-lacrymal  nerves,  and  consequently  are  to  be  regarded 
as  supplying  the  anterior  margin  of  the  second  prs-oral  arch. 
Supposing  the  labial  cartilages,  which  are  most  probably  the 
foundations  (so  to  speak)  of  the  premaxillary  and  mazillaiy 
bones  of  the  higher  yertebrata  (cf.  Qegenbaur,  Orunds.  1870, 
p.  645),  were  more  developed,  they  would  necessarily,  from  the 
mode  in  which  the  branches  of  this  nerve  are  distributed, 
enclose  it  completely  between  themselves  and  the  palatine 
arch.  This  is  precisely  the  relation  held  in  man  by  the 
spheno-palatine  nerves,  which  are  often  independent, of  the 
spheno-palatine  ganglion  (Q.  S.  p.  603  and  H.  p.  377),  and 
which,  where  the  premazillaries,  the  mazillaries,  and  the 
palatine  bones  do  not  develop  palatal  processes,  are  situated 
externally  to  the  internal  nares, — the  inner  extremity  of  the 
lacrymal  cleft. 

The  nerve  (/.  0.)  appears  to  be  a  branch  of  (s.pcu)  distri- 
buted below  and  to  the  inner  side  of  the  orbit ;  its  inner  fibres 
are  distributed  to  the  same  spot  as  the  inner  fibres  of  the 
nerve  (8.pa,) :  its  outer  fibres  lie  between  the  orbit  and  the 
labial  cartilages,  and  would  therefore  lie  externally  to  them, 
supposing  they  were  more  developed ;  it  appears  therefore  to 
correspond  best  to  the  infra-orbital  of  man,  and  to  the  nerve 
in  Hexanchus  and  Squatina,  which  is  identified  as  infi:u-orbital 
by  Gegenbaur  (J.Z.  pp.  508 — 511). 

As  to  the  inferior  maxillary  nerve,  the  prolongation  (mnT) 
along  the  Meckelian  cartilage  is  no  doubt  homologous  with 
the  lingualis  and  the  inferior  dental.  It  is  the  nerve  which 
runs  behind  the  oral  cleft,  and  supplies  the  anterior  margin  of 
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Meckel's  cartilage.  As  Meckel's  cartilage  is  the  third  visceral 
arch  (the  first  post-oral),  we  ought  to  have  a  branch  of  the 
inferior  maxillary  nerve  distributed  in  front  of  the  oral  cleft, 
and  to  the  posterior  margin  of  the  palato-pterygoid  cartilage. 
As  a  matter  of  fact  there  is  a  prdd-oral  branch  of  the  infra- 
maxillary,  the  nerve  {b),  which  inasmuch  as  it  is  distributed 
behind  the  eye,  above  the  mouth  and  labial  cartilages,  and  in 
front  <^  tiie  articulation  of  the  mandible^  corresponds  most 
neiurly,  if  to  any,  to  the  buccal  branch  of  the  infra-maxiUaiy 
nerve  in  other  vertebrata.  But  this  nerve,  though  it  is  praB-oral, 
has  lost  all  connection  with  the  palato-pteiygoid  arch,  and  the 
posterior  margin  of  that  ait^h  is  supplied  not  by  the  fifth,  but  by 
the  palatine  branch  of  the  facial  {t^de  infra^  §  10).  This  appears 
to  be  a  somewhat  startling  difficulty,  but  it  is  a  difficulty 
which  disappears  when  we  consider  the  changes  of  direction 
and  growth  which  the  palato-pterygoid  arch  undergoes.  Instead 
of  retaining  its  normal  direction,  more  or  less  parallel  with  the 
course  of  the  nerves,  and  of  the  arches  in  front  and  behind  it, 
it  has  come  to  be  placed  more  or  less  transversely  to  its  original 
axis.  I^rther,  its  posterior  or  upper  extremity  grows  in  the 
fish  in  such  a  manner  as  to  become  hooked  on  to  the  first 
post-oral  arch,  but  as  the  direction  of  growth  is  not  esstemai  to 
the  prsB^oral  branch  of  the  infra-maxillaiy,  h^%iniemai  to  it,  the 
palato-pterygoid  comes  to  receive,  what  may  be  termed,  for  want 
of  a  better  phrase,  an  adventitious  nerve-supply  from  the 
seventh. 

As  to  the  dorsal  braiK^hes  of  the  nerve,  before  it  divides  into 
inframaxillary  and  supramaxillaiy,  they  £eem  most  nearly  to 
represent  the  nervi  recurrentes  of  Arnold  (H,  pp.  367  and  381). 
In  Teleostei  they  are  represented  by  the  intra-cntnial  branches 
{8L  p.  47).  Perhaps  some  of  their  branches,  which  stretch  far 
out  behind  the  orbit,  at  a  level  witiai  the  angle  of  the  mouth, 
may  be  homologous  with  the  auriculo-temporaL  To  sum  up, 
the  trigeminus  appears  to  consist  of  tihree  distinct  nerves : 
(i.)  A  prsotrabecular  nerve — the  ophthalmic : 
(ii)  A  prsspalatine  nerve  (supramaxillary),  whidi  divides 
into  an  anterior  or  prse-lacrymal  branch  (naso-palatine),  and  a 
posterior  or  post-lacrymal  branch  <^eno-palatine  and  infra- 
orbital). 
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(iii.)  A  pn&-Meckelian  nerve  (inftamazillary),  yrhich  divides 
into  a  pr8&-oral  branch  (bucoal  f),  and  a  post-oral  (lingualiB,  and 
int  dental). 

§  10.  It  remains  now  to  discuss  the  distribution  of  the 
seventh  nerve  (VII).  This  nerve  gives  off  one  or  two  fine  twigs 
(jct'),  which  run  upwards  in  the  cartilage  to  the  suriaoe  of  the 
akull:  these  are  Rami  dorsales,  and  appear,  so  far  as  can  be 
aacertdined,  never  to  have  been  discovered  previously.  The 
nerve  then  gives  off  a  stout  branch  forwards,  but  just  at  its 
origin  this  branch  giTCS  off  two  or  three  fine  nerves,  which  run 
between  the  rudimentary  branchioetegal  rays  of  the  spiracle 
and  the  mucous  membrane,  which  is  thrown  into  folds :  these 
are  the  preespiracular  nerves  (£^). 

The  rest  of  the  branch  runs  on,  and  breaks  up  into  numerous 
twigs  (jjt,),  distributed  to  the  mucous  membrane  of  the  mouth, 
and  to  the  teeth  of  the  palato^pterygoid  cartilag&  The  main 
trunk  of  the  facial  running  along  the  hyomandibular  behind 
the  spiracle  distributes  nerves  (Aw  6r.)  to  the  muscles  in  front  of 
the  branchioetegal  rays  of  the  hyoidean  arch,  and  to  the  skin ; 
also  a  branch  (an)  forward  to  the  skin,  at  the  articulation  of 
the  mandible  with  the  palato-pterygoid/a  region  alio  supplied 
by  some  of  the  dorsal  branches  of  the  trigeminus.  It  thw 
4ivide0  into  two  branches,  the  R.  mandibularis  eztemus  and 
the  B.  mandibularis  intemus  of  Stannius.  The  latter  of  thes« 
nerves  (c&)  runs  above  the  ligament  connecting  the  upper  end 
of  the  mandible  with  the  upper  end  of  the  hyoid ;  it  is  distri* 
buted  to  the  mtioous  membrane  between  the  hyoid  and  the  inan«- 
dibie,  as  well  as  to  the  teeth  on  the  posterior  surface  of  that 
visceral  aroh.  The  former,  or  external  mandibular  branch, 
runs  along  the  outer  surface  of  the  hyoid  to  the  middle  line, 
and  distributes  brandbes  to  ihe  skiu,  and  to  the  thin  flat  muscle 
which  lies  between  the  two  diverging  r^oni  of  the  mandible^ 
extending  also  far  backwards  (F), 

It  will  thus  be  seen  that  the  fs^oiBl  divides  into  a  pr»*- 
epiracular  and  a  post^iracular  nerve,  but  the  Inranch  fron^ 
which  the  pi9e'«piracular  nerves  are  given  off  is  distributed  ftlap 
to  the  mucous  membrane  of  th^  mouth.  We  here  meet  for  the 
first  time  with  a  ramus  pharyngeus  destined  for  the  walls  of  the 
digestive  tract.     This  ramus  pharyngeus,  identified  as  such  by 
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rGegenbaur  (J,  Z.  p.  524),  is  the  palatine  nerve  of  Teleostei. 
Jn  those  osseous  fishes  it  becomes  connected  with  the  superior 
maxillary  nerve,  supplies  sensory  branches  to  the  palato-ptery- 
g6id  arch,  and  to  muscles  which  draw  the  palatal  apparatus  to 
^he  base  of  the  skull,  as  in  Perca  and  Qadus.  In  Teleostei^ 
therefore,  it  may  be  both  sensory  and  motor :  in  the  Sharks,  on 
the  other  hand,  it  appears  to  be  entirely  sensory.  On  this 
ground  Gegenbaur  objects  to  its  homology  with  the  great  superr 
ficial  petrosal  of  Mammalia,  because  in  Mammalia  experimenta- 
tion shows  that  intracranial  sectiop  of  the  facial  paralyses  the 
muscular  branches  to  the  soft  palate,  which  are  known  to  be 
derived  from  the  great  superficial  petrosal.  On  the  contrary,  it 
may  be  urged,  that  the  facts  adduced  by  Hermann  (Orundriss^ 
Ed.  4,  pp.  316,  317),  as  well  as  the  arguments  long  ago  urged 
by  Mr  Lewes  {Nat  Hist  Bev.  L  176),  clearly  indicate  that  to 
jdetermine  the  homology  of  a  nerve  by  reference  to  its  function 
is  exceedingly  dangerous. 

In  the  frog  it  is  stated  that  the  facial  nerve  is  entirely 
sensory,  but  no  one  for  that  reason  doubts  its  homology  with 
the  facial  of  man,  which  is  generally  considered  as  entirely 
motor.  In  the  Shark  there  are  no  muscles  developed  in  the 
mucous  membrane  behind  the  palato-pterygoid,  hence  the 
nerve  cannot  be  motor.  In  the  Teleostei,  already  alluded  to, 
there  are  such  muscles,  and  they  are  supplied  by  the  palatine 
nerve  (cf.  8t,  p.  56).  Similarly  the  velum  pendulum  palati  is 
muscular,  and  the  branches  of  the  seventh,  which  are  distributed 
to  it,  are  accordingly  motor.  Hence  the  purely  sensory  nature 
of  the  palatine  in  the  Shark  is  no  argument  against  its  homo* 
logy  with  the  petrosal  nerves.  On  the  other  hand,  it  may  be 
urged  from  morphology,  that  the  relation  of  the  great  superficial 
petrosal  to  the  inner  end  of  the  spiracle  or  Eustachian  tube,  is 
such  as  warrants  us  in  considering  its  homology  with  the  pala- 
tine nerve  as  all  but  certain.  The  pharyngeal  branch  of  the 
Bpheno-palatine  ganglion  {Q.  8.  p.  605)  is  frequently  derived 
altogether  from  the  vidian,  and  it  is  a  sensory  nerve.  Perhaps 
it  may  be  represented  by  the  prse-spiracular  nerve  in  part*. 
Another  argument  in  favour  of  the  homology  between  the  pala- 

1  A  nerve  which  becomes  greatly  reduced  when  the  spiracle  is  Bmall  or 
obsolete. 
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•tine  nerve  in  Elasmobranchs  and  the  great  superficial  petrosal, 
is  that  thej  boih  spring  from  a  ganglion,  the  geniculate  ganglion 
(cf.  SL  p.  55).  It  is  possible  that  the  palatine  nerve  represents 
both  the  petrosal  nerves,  as  in  the  Sturgeon  it  is  connected 
irith  the  glosso-pharyngeal  (vide  infra  §  12). 

The  Ramus  mandibularis  internus  {ch),  from  the  course  it 
takes  over  the  ligament  connecting  the  mandible  to  the  hyoid, 
is  evidently  homologous  with  the  chorda  tympani,  while  the 
Kamus  mandibularis  extemus  (F,)  as  evidently  corresponds  to 
the  main  trunk  of  the  facial  in  Mammalia,  from  its  close  con- 
nection to  the  hyoid. 

With  reference  to  a  point  already  discussed,  viz.  the  curious 
relation  subsisting  between  the  palatine  nerve  and  the  posterior 
-margin  of  the  palato-pterygoid  cartilage,  it  is  as  well  to  note  the 
fact,  that  the  post-spiracular  nerve  by  means  of  its  branch  (ch) 
supplies  the  posterior  margin  of  the  Meckelian  arch,  whereas  the 
nerve-supply  ought  to  be  derived  from  the  prsB-spiracuIar.  This 
change  is  no  doubt  due  to  the  secondary  connections  established 
between  ihe  first  and  second  post-oral  arches,  just  as  in  the 
former  case  it  was  argued  that  the  change  was  due  to  a  similar 
secondary  connection  established  between  the  second  prse-oral 
arch  and  the  first  post-oral. 

§  11.  The  auditory  nerve  rises  by  a  large  root  inferiorly 
placed  to  the  root  Yy  and  YII,  and  it  appears  to  have  no  con- 
nection whatever  with  that  root.  It  divides  into  three  primary 
branches : 

(i.)  To  anterior  vertical  semicircular  canal  (ampulla). 

(ii.)   To  vestibule,  etc. 

(iii.)   To  ampulla  of  posterior-vertical  semicircular  canaL 

Oegenbaur,  in  his  paper  on  Hexanchus  {J.  Z.  p.  545),  and  in 
his  work  on  the  Yertebrata  (V.  A,  pp.  288  to  285),  has  broached 
the  theory  that  the  auditory  Is  the  long-missing  Ramus  dorsalis 
of  the  facial.  In  our  shark,  a  Ramus  dorsalis  has  been  found, 
and  hence  it  might  be  said  that  Qegenbaur^s  view  is  untenable. 
This  is  not  necessarily  the  cause,  because  the  auditory  migh|; 
still  be  a  branch  of  the  R.  dorsalis.  Meynert  contends  strongly 
for  the  view  that  the  auditory  "belongs  to  a  different  category 
from  the  other  nerve-roots,"  from  its  anatomical  connections  with 
-the  cerebellum  (^Sr.  Vol.  ii.  p.  500).    Perhaps  investigations  joxx 
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the  nuclei  of  origin  of  the  auditory  nerve  in  the  lower  Verte- 
brata  might  throw  additional  light  on  this  obscure  and  puzzling 
question. 

The  fifth  group  of  nerves  quits  the  cranium  in  front  of  the 
auditory  capsule.  The  next  group,  the  eighth,  consisting  of  the 
Glosso-pharyngeal  and  Vagus  nerves,  passes  out  below  and  behind 
it.  The  former  is  a  single  nerve,  comparable  to  the  seventh,  as 
is  shewn  by  its  distribution  to  a  single  visceral  arch,  while  the 
latter  shows  markedly  its  compound  nature  both  in  its  roots  and 
its  distribution  to  more  than  one  arch. 

The  references  are  to  PL  VII.  Fig.  iii. 

§  12.  The  Glosso-pharjnigeal  nerve  {Op,)  arises  from  the 
side  of  the  medulla  oblongata.  Its  single  root— a  stout  bundle 
of  fibres — is  situated  about  \  inch  behind  the  root  of  the  audi- 
tory nerve,  and  lies  immediately  below,  or  ventrally  to,  the  first 
strand  of  the  upper  {%.  e,  posterior)  roots  of  the  vagus,  and  in 
coasequence  is  completely  concealed  by  that  nerve  when  the 
brain  is  viewed  from  above.  The  two  nerves  here  appear  as  in 
Teleostei  to  be  more  closely  apposed  than  they  are  in  Hexanchus 
{cf.  J,  Z.  VL  Taf.  XIII.  Fig.  iii.  Op.,  and  M,  M.  Ta£  ii.  Figa  6a 
and  9).  A  careful  examination  failed  to  detect  any  interchange 
of  fibres  at  this  point  between  the  roots  of  these  n^rve^ 

The  nerve^unk  runs  obliquely  backwards,  at  aki  angle 
with  tiie  medulla  less  acute  than  thai  formed  by  the  vagus, 
and  enters  a  canal  in  the  cartilageu  The  course  of  this  canal 
and  its  contained  nerve  is  then  as  follows.  It  dips  obliquely 
downward  below  the  ampulla  of  the  posterior  semicircular  canal 
of  the  ear,  and  then  turns  horizontally  outwards  and  backwards. 
The  external  opening  of  the  canal  is  somewhat  trumpet^shaped, 
and  lies  at  the  level  of  the  upper  extremity  of  the  first  branchial 
slit.  While  in  the  canal  the  trunk  of  the  glossopbaxTBgeus  is 
somewhat  swollen^  and  when  fresh  of  a  yellowish  colour,  due 
probably  to  the  presence  of  ganglionic  elements.  No  communis- 
cation  of  this  nerve  with  the  sympatheik;  was  observed  (<£-  SL 
p.  76). 

A  small  nerve  (d),  observed  by  Btannias  in  Spinax  and 
Oarcharias  (p.  79),  and  by  Gegenbaur  in  Hexandius  (p.  ol7), 
quits  the  glossopharyngeus  while  still  in  its  canal.  This  Ramus 
dor^aik  runs  outwards  and  iij>wards  through  the  cartilage  in  a 
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special  caaal,  and  is  lost  on  the  superior  surface  of  the  cranium 
in  the  neighbourhood  of  the  mucous  canal.  In  man  it  is  pro- 
bably  represented  by  the  branch  to  the  auricular  nerve.  Ano- 
ther sDoudl  neire  (c2*)  leaves  the  main  trunk  at  the  same  point 
as  the  R.  dorsalis,  and  running  on  in  the  main  canal,  is  appa* 
rently  lost  in  the  upper  part  of  a  muscle  connecting  the  suspen- 
sorium  to  the  cranium. 

The  main  trunk  of  the  gloasopharyngeus  then  divides 
into  two  branches^  the  Bamus  anterior  s.  hyoideus,  and  the  R. 
arcus  hranchialis  primi  (Stannius),  which  respectively  supply, 
*ene  the  fronts  the  other  the  hind,  wall  of  the  first  branchial 
slit. 

L  The  anterior  or  hyoidean  branch  (br),  present  in  all  Elas* 
mobranchs  and  Ganoids  (probably),  variable  in  Teleostei,  gives  off 
close  to  its  origin  a  visceral  nerve,  the  R  pharyngeus  (PA.), 
homologous  with  the  palatine  branch  of  the  facial  and  the  Rr 
phaiyngei  of  the  branchial  nerves  derived  from  the  vagus. 

This  R.  pharyngeus  is  rarely  present  in  Teleostei.  In  the 
Carps  it  supplies  their  peculiar  erectile  organ.  In  Elasmo* 
brancfas  it  is  distributed  to  the  mucous  membrane  of  the  roof 
of  the  mouth,  running  forwards  behind  the  spiracle,  and  in 
Accipenser  it  anastomoses  with  the  palatine  nerve,  and  then 
reaches  as  &r  forwards  as  the  superior  maxillary  nerve.  This 
course  and  anastomosis  render  its  homology  probable  in  the 
higher  vertebrates  with  the  tympanic  or  Jacobson's  nerve,  the 
connection  of  whidi  with  the  small  superficial  petrosal  is  thus 
explained. 

The  anterior  branch  lies  behind  the  branchiostegal  rays  of 
the  fayoid,  and  divides  into  several  twigs,  the  innermost  sup- 
plying the  mucous  membrane  of  the  inner  surface  of  the  hyoid, 
and  in  Spinas:  {St  p.  78)  uniting  with  filaments  of  the  facial.  The 
outermost  twigs  are  here  in  relation  with  the  anterior  gill-lamina 
af  the  anterior  gill-pouch :  in  Accipenser  they  supply  the  oper- 
cular gill,  and  in  Teleostei,  which  possess  a  pseudobranchia,  a 
few  filaments  run  to  that  organ.  This  anterior  branch  pro- 
bably constitutes  the  main  trunk  of  the  nerve  in  the  higher 
vertebrata^  which  is  closely  related  to  the  anterior  comu  of  the 
hyoid. 

ii.    The  posterior  branch  (6r'^,  or  nerve  of  the  first  branchial 
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arch,  is  apparently  present  in  all  fish.  It  is  distributed  to  the 
musculature  of  the  first  branchial  arch,  to  its  mucous  membrane, 
and  the  posterior  gill-lamina  of  the  first  gill-pouch.  According 
to  Stannius  (p.  79)  some  of  its  fibres  are  prolonged  to  the  floor  * 
of  the  pharynx.  In  higher  vertebrata,  which  have  lost  this 
gill-slit  (second  post-oral),  this  branch  is  possibly  represented  by 
the  branches  of  the  glossopharyngeal  which  unite  with  branches 
of  the  vagus  to  form  the  pharyngeal  plexus. 

The  glossopharyngeal,  of  all  the  cranial  nerves,  best  accords 
with  the  type  of  the  spinal  nerves.  It  is  a  mixed  nerve,  motor 
and  sensory  (cf.  St  p.  75),  and  possesses  a  dorsal  branch,  a  ven- 
tral branch,  which  gives  off  a  nerve  to  the  digestive  tract,  and 
divides  into  an  anterior  and  a  posterior  branch  in  relation  with 
the  anterior  and  posterior  margins  of  a  gill-slit. 

§  13.  The  Ya^s  has,  as  in  Hexanchus,  Spinax,  and  Car- 
charias,  both  upper  (posterior)  and  lower  (anterior)  roots.  As 
the  nerve-trunks  formed  by  the  union  of  these  two  sets  of  roots 
are  in  this  shark  distributed  in  very  different  ways,  it  will  be  as 
well  to  describe  and  discuss  them  separately. 

The  upper  or  posterior  roots  ( Vg)  appear  to  be  connected 
with  the  ganglionic  swellings  mentioned  (§  6),  in  the  medulla. 
They  rise  from  the  medulla  in  a  continuous  row — the  hindmost 
roots  as  low  down  as  the  point  at  which  the  side  waUs  of  the 
fourth  ventricle  unite.  They  diminish  as  in  Hexanchus  (cf.  the 
figures  before  alluded  to)  in  size  from  before  backwards,  and  the 
posterior  strands  turn  obliquely  forward  to  unite  with  the  main 
trunk.  The  number  of  roots  is  not  constant  in  both  specimens, 
nor  on  both  sides  of  the  same  specimen,  varying  from  six  to 
eight  in  number.  They,  however,  unite  more  or  less  clearly 
into  five  trunks,  which  in  their  turn  coalesce  to  form  the  vagus 
nerve.  The  roots  show  superficially  fine  longitudinal  striations, 
indicating  their  component  bundles  of  fibres. 

The  right  vagus  is  slightly  larger  than  the  left.  On  each 
side  the  nerve  turns  obliquely  backwards  and  enters  a  funnel* 
shaped  canal  in  the  cartilage  which  runs  behind  the  arch  of  the 
posterior  vertical  semicircular  canal.  The  internal  opening  of 
this  canal  is  about  one  inch  behind  the  internal  opening  of  the 
canal  for  the  glossopharyngeus.  The  trunk  of  the  nerve  while 
jet  within  the  canal  becomes  of  a  yellowish  hue,  differing  from 
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the  white  tint  of  the  rest  of  the  trunk,  and  due  probably  to  the 
presence  of  ganglionic  elements ;  but  it  can  scarcely  be  said  to 
enlarge  appreciably. 

The  nerve  then  divides  into  rami  dorsales  (and  ramus  late- 
ralis) and  the  truncus  branchio-intestinalis. 

§  14.  The  ramus  dorsalis  and  the  lateral  line  nerve  are  of 
special  interest ;  the  latter  probably  ^presenting  a  number  of 
rami  dorsales  united  into  a  single  trunk. 

From  the  trunk  of  the  vagus,  still  in  its  canal,  there  springs 
on  each  side  a  slender  nerve,  R  dorsalis  (ft),  which  runs  in  a 
special  canal  of  its  own  vpward  to  the  skin  on  the  surface  of 
the  head.  This  nerve  is  present  in  Hexanchus,  wanting  appa- 
rently in  other  sharks,  and  probably  corresponds  (Qegenbaur) 
in  the  Teleostei  to  the  branch  which  runs  upwards  inside  the 
cranial  cavity,  and  is  present  wherever  a  corresponding  branch 
is  developed  from  the  trigeminus,  or  where  a  ramus  lateralis 
trigemini  is  given  off  by  the  same  nerve,  with  which  this  B. 
dorsalis  unites.  At  the  same  spot  in  Echinorhinus,  from  which 
this  R.  dorsalis  springs,  there*  arise  on  the  right  side  two,  on  the 
left  three  nerves  (d"),  which  pierce  the  cartilage  at  short  dis- 
tances from  one  another,  and  then  emerging  run  outwards  along 
the  fibrous  septum  which  stretches  down  the  sides  of  the  body, 
separating  the  upper  lateral  from  the  lower  lateral  muscles* 
The  nerves  in  question  are  distributed  to  the  very  edge  of  this 
septum,  probably  to  the  mucous  canal,  and  the  most  anterior  of 
them  reaches  that  canal  just  in  front  of  the  first  branchiai  slit* 
On  the  right  side  the  most  posterior  of  these  branches  anasto- 
mosed with  a  nerve  given  off  from  the  lateral  line  nerve  further 
down.  These  nerves  probably  correspond  to  the  opercular 
branch  of  the  lateral  line  nerve  in  Teleostei,  which,  as  Stannius 
(p.  110)  pointed  out  long  ago,  is  homologous  with  the  auricular 
nerve  in  the  Mammalia. 

All  these  nerves  arise  from  the  anterior  margin  of  the  trunk 
of  the  vagus.  This  portion  of  the  trunk  begins  to  show  signs  of 
separation  at  the  spot  where  the  vagus  passes  out  of  its  canal, 
and  finally  separates  entirely  after  the  third  branchial  nerve  has 
branched  off,  and  becomes  the  lateral  line  nerve  (Z.).  This  im- 
portant nerve  runs  along  the  fibrous  septum  (mentioned  above), 
and  from  its  outer  margin  pass  off  numerous  twigs,  distributed 
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apparently  to  the  mucous  canal.  No  connection  between  this 
lateral  line  nerve  of  the  yagus  and  the  spinal  nerves  was  ob- 
served— ^a  point  in  which,  according  to  Stannius  (p.  96),  it 
differs  entirely  from  the  ramus  lateralis  of  the  trigeminus, 
where  such  a  connection  always  takes  place. 

Is  the  nerve  of  the  lateral  line  serially  homologous  with  a 
ramus  dorsalis  ?  Is  it  one  B.  dorsalis,  or  does  it  represent  a 
number  of  rami  dorsales  fused  ?  In  his  paper  on  Hexanchus 
Qegenbaur  (p.  541)  argues  against  the  homology  of  the 
lateral  line  nerve  with  a  B.  dorsalis,  on  the  ground  that  its  dis- 
tribution passes  beyond  the  distribution  of  the  rest  of  the  vagus. 
The  B.  doi'salis,  he  says,  must  be  restricted  to  the  occipital 
region  of  the  skull,  into  which  are  fused  the  vertebral  segments 
to  which  the  vagus  corresponds.  This  argument  must  not  count 
for  much,  because  no  similar  objection  can  possibly  lie  against 
the  homology  of  the  B.  lateralis  of  the  trigeminus  with  a  B. 
dorsalis  (cf.  St.  p.  49,  pp.  61—54).  Yet  certainly  this  nerve 
has  also  passed  beyond  its  proper  territory.  Oegenbaur,  how- 
ever, in  his  work  on  the  vertebrata  before  alluded  to  (p.  280), 
appears  to  regard  the  homology  in  question  with  a  more  favour- 
able consideration — a  conclusion  to  which  he  is  led  by  the 
apparent  correspondence  of  the  B.  intestinalis  to  a  number  of 
Br.  ventrales. 

The  arguments  in  favour  of  regarding  the  lateral  line  nervo 
as  hon^ologous  with  a  B.  dorsalis  may  be  briefly  summed  as 
follows : 

(L)  It  shows  in  Echinorhinus  early  traces  of  a  separation 
from  the  main  trunk  of  the  nerve.  It  is  evidently  continuous 
with  that  part  of  the  vagus  from  which  the  B.  dorsalis  of 
Qegenbaur  arises. 

(ii.)  There  are  present  in  the  same  shark  two  or  three 
intermediate  nerves,  which  are  derived  from  the  differentiating 
lateral  line  nerve  close  to  the  B.  dorsalis,  pierce  the  cranial 
cartilage,  and  are  distributed  to  the  edge  of  a  fibrous  septum 
that  extends  down  the  body,  dividing  the  superior  lateral  masses 
of  muscle  from  the  inferior.  A  mucous  canal  exists  ^  the  edge 
of  this  fibrous  septum. 

(iiL)  The  lateral  line  nerve  itself  lies  on  this  same  septum, 
and  its  branches  pass  outwards  to  the  edge  in  the  same  manner 
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as  do  ihe  nerves  mentioned  (ii.  mtpra)^  and  on  one  side  of  the 
body  there  exists  an  anastomosis  with  the  hindermost  of  these 
nerves.  Consequently  we  have  here  a  gradation  from  the  R. 
dorsalis  into  the  lateral  line  nerve  and  its  branches. 

(iv.)  Gegenbaur  maintains,  and  there  can  be  no  reasonable 
doubt  of  his  being  right,  that  each  branchial  nerve  derived  from 
the  vagus  is  the  morphological  equivalent  of  a  single  spinal 
nerve,  or  of  such  cranial  nerves  as  the  facial  and  glossopharyn- 
geus.  It  is  a  skiking  fact  that  in  Hexanchus  (J.  Z.  VI.  p.  524) 
the  first  branchial  nerve  is  to  all  intents  and  purposes  a  distinct 
and  separate  nerve.  The  spinal  nerves,  the  glossopharyngeus, 
and  in  this  shark  the  (bcial,  have  each  their  Ramus  dorsalis. 

Now,  unless  we  may  regard  the  lateral  line  nerve  as  repre* 
senting  a  R  dorsalis,  we  mu9t  suppose  that  the  spinal  nerves, 
which  have  fused  to  form  the  vagus,  retadn  their  Rr.  ventrales 
(=>  Rr.  branchiales),  but  have,  on  the  contrary,  loH  every  trace 
of  their  Rr.  dorsales ;  a  supposition  at  once  unnecessary  and  im* 
probable. 

It  is  exceedingly  likely,  farthermore,  that  the  lateral  line 
nerve  represents  a  number  of  Rr.  dorsales,  because : 

(L)  It  has  so  extensive  a  distribution  {V.  A.p.  280). 

(ii)  There  are  in  Hexanchus  at  least  five  branchial  nerves 
(in  Heptanchus  six?)  known  to  us  which  have  lost  their  Rr. 
dorsalea  Further,  the  R.  intestinalis  represents  without  doubt 
a  number  of  Rr.  ventrales — a  number  which  is  not  known  to  us, 
and  these  Rr.  ventrales  imply  in  their  turn  the  existence  of  cor- 
respondiDg  Rr.  dorsales. 

Why  the  lateral  line  nerve  with  such  an  origin  has  acquired 
a  distribution  so  extensive,  and  bow  this  distribution  originated, 
are  di£Scult  questions  impossible  to  answer.  But  precisely 
similar  difficulties  attach  to  the  R.  lateralis  nervi  trigemini — 
an  undoubted  dorsal  branch  with  a  distribution  greatly  extended 
beyond  the  normal. 

§  15.  The  truncus  branchio-iutestinalis,  the  second  great 
branch  into  which  the  vagus  divides,  is  an  exceedingly  stout 
nerve.  It  gives  off  four  branchial  nerves  before  finally  passing 
to  the  heart  and  stomach. 

Of  these  branchial  nerves  the  three  first  (J?r.  L  IL  III.)  are 
exact  repetitions  of  the  glossopharyngeus,  and  are  related  in  a 
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similar  way  to  visceral  arches  and  clefts.  The  only  pointe  to 
note  are  that  the  R.  pharyngeus  {pK)  arises  indifferently  from 
the  anterior  (a)  or  posterior  (p)  division,  hut  that  the  muscular 
branches  appear  to  be  derived  invariably  from  the  posterior 
division  of  the  nerve. 

The  fourth  branchial  nerve  {B.  lY.)  difiers  somewhat  from 
the  three  foregoing,  a  difference  due  to  morphological  change  in 
its  arch.  It  rises  from  the  vagal  trunk  beyond  the  spot  where 
the  lateral  line  nerve  has  become  completely  differentiated. 
The  anterior  (a)  division  is  a  stout  branch  distributed  as 
usual,  but  it  furnishes  in  addition  a  small  twig  (m')  to  the 
muscle  at  the  top  of  the  arch  (IVth)  and  a  slender  pharyngeal 
branch  {pK),  The  posterior  branchial  division  (p)  or  nerve  of 
the  Ytfa  arch  has  become  changed.  At  the  spot  where  the  main 
branch  splits  into  the  anterior  and  posteiior  nerves,  the  latter 
gives  off  a  fine  long  nerve  {m"),  which  is  distributed  to  a  muscle 
connected  below  to  the  front  edge  of  the  epicoraooid,  above  to 
the  anterior  margin  of  a  large  muscle  arising  from  the  exooci«^ 
pital  region  of  the  skull  and  attached  to  the  supra-  and  prae- 
scapular  regions  of  the  shoulder-girdle.  The  postmor  branchial 
division  then  passes  on,  distributing  a  few  fine  filaments  (t;)  to 
mucous  membrane  and  muscle  clothing  the  anterior  surface  of 
Vth  arch,  and  finally  {ph")  turns  round  the  posterior  margin 
of  the  arch  on  its  way  to  the  pharynx.  It  has  a  branch  of 
anastomosis  {an^  with  the  first  visceral  or  intestinal  nerve. 

Immediately  after  the  fourth  branchial  nerve  is  given  off, 
there  arises  from  the  trunk  of  the  vagus  a  nerve  (m'"),  which  is 
connected  by  a  short  and  remarkable  anastomosis  with  the 
cervical  cord  (vide  infray  §  16),  and  is  distributed  to  the  outer 
part  of  the  same  muscle  as  m"  {supra). 

The  trunk  of  the  vagus  from  which  several  fine  nerves  {cb) 
pass  off  inwards,  apparently  to  the  odsophagus,  then  resolves  itself 
into  the  main  intestinal  branches  (/),  which  subdivide  several 
times,  and  turning  over  the  mai^n  of  the  Vth  (aborted)  arch, 
pass  to  the  viscera  (oesophagus,  stomach,  hearty  &c.).  These 
nerves,  however,  were  not  traced  to  their  ultimate  distribution. 

The  transition  state  of  the  fourth  branchial  nerve  is  interest* 
ing.  It  becomes  the  first  K  pharyngeus  inferior  of  Teleostei — a 
nerve  which  sends  forward  a  twig,  the  R.  anterior,  to  be  distri-* 
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buted  to  the  hind  margin  of  the  fourth  branchial  arch.     This 
twig  is  small,  or  wanting,  in  Ksh  {e.g.  Cyclopterus),  where  the 
IVtb  arch  carries  only  a  single  row  of  branchial  filaments.    The 
main  stem  of  the  R.  pharyngeus  inferior  encircles  the  oesophagus. 
Here  the  posterior  ramus  of  the  branchial  nerve  has  a  much 
reduced  muscular  branch,  its  main  stem  %8  pharyngeal     It  is 
thus  on  the  high  road  to  becoming  exclusively  an  intestinal 
branch.     This  is  precisely  what  must  have  happened  to  the  Yth 
branchial  nerve  of  Hexanchus,  which  is   not  represented  in 
Echinorhinus  as  a  distinct  branchial  nerve  at  all.     Oegenbaur 
{V.A.  p.  279)  considers  it  probable  that  the  intestinal  branches 
represent  a  number  (unknown)  of  branchial  nerves  which  have 
become  restricted  to  a  visceral  distribution  simply  through  the 
suppression  or  transitory  nature  of  their  visceral  arches  and 
clefts.    This  is  exceedingly  likely,  for  though  the  slit  and  arch 
disappear,  the  wall  of  the  pharynx  remains,  but  remidns  un- 
broken.    It  can  therefore  be  scarcely  supposed  that  the  nerves 
of  the  arches,  which  are  essentially  only  thickenings  in  the  walls 
of  the  pharynx,  have  disappeared  in  toto.    In  the  Abranchiate 
vertebrates    the  process  of  reduction  has  been  carried  to  an 
extreme — ^tbe  branchial  nerves  are  represented  ordy  by  intestinal 
branches,  showing  no  trace  of  their  original  fornt     The  change 
is  due  simply  to  changes  of  growth  and  development.    When  an 
air-bladder  is  present  in  Fishes  it  has  its  nervous  supply  from 
the  vagus,  because  it  is  an  outgrowth  of  that  part  of  the  tract 
which  is  supplied  by  the  vagus.     So,  too,  the  trachea,  larynx 
and  lungs  of  pulmonate  vertebrates  are  supplied  by  the  vagus. 
Here  nerves,  which  attain  a  great  development,  are  engrafted  on 
the  original  vagus,  in  obedience  to  a  change  of  growth  and 
development — a  change  of  precisely  the  opposite  character  to 
that  undergone  by  the  branchial  arches  and  slits. 

§  16.  In  Echinorhinus  there  appear  to  be  four  inferior  or 
anterior  roots  {Vg,)  of  the  vagus,  increasing  in  size  from  before 
backwards.  Hexanchus  has  "three  to  four  pair,"  and  in  Spinax 
and  Carcharias  there  are,  according  to  Stannius  (p.  83),  a  pair 
of  anterior  roots.  But  the  distribution  of  these  roots  in  Echino- 
rhinus, as  the  sequel  will  show,  is  entirely  different  to  what  it  is 
in  the  three  other  Sharks  named.  The  number  was  the  same 
in  hoih  our  specimens. 

The  first  ( Vg.  I.)  is  a  very  slender  and  fine  nerve  rising  from 
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the  anterior  or  inferior  eurface  of  the  medulla  oblongata,  nearly 
half  an  inch  above  the  posterior  limit  of  the  fourth  yentricle. 
It  runs  backwards  at  a  sharper  angle  with  the  medulla  than  do 
the  posterior  vagal  roots,  and  enters  a  long  canal  in  the  exocci- 
pital  (?)  cartilage,  divides  into  two  or  three  fine  filaments,  and 
is  distributed  to  the  upper  part  of  the  long  muscle  which, 
springing  from  the  exoccipital  region  of  the  skull,  is  inserted 
into  the  supra-  and  prae-scapular  regions  of  the  shoulder-girdle. 
This  nerve  is  torn  away  from  the  brain,  which  we  have  figured, 
but  it  was  found  in  the  skull. 

The  second  root  ( Vg.  II.),  a  stouter  nerve,  rises  about  a 
quarter  of  an  inch  behind  the  first,  and  enters  a  special  canal  in 
the  cartilage.    The  third  nerve  ( Vg.  III.)  rises  nearly  at  the 
same  distance  behind  the  second,  and  the  fourth  ( Vg.  lY.),  which 
has  a  double  root,  at  the  same  distance  behind  the  third,  and 
both  likewise  enter  special  canals  in  the  cartilage.    These  three 
nerves  each  give  a  twig  (cf ")  laterally  into  the  muscle  already 
mentioned,  but  the  chief  part  of  their  fibres  {v)  pass  on  and 
join  the  cervical  cord,  which  is  also  partly  constituted  by  the 
four  first  spinal  nerves. 
.    The  first  spinal  nerve  {8p.  I.)  rises  about  an  inch  behind  the 
posterior  extremity  of  the  fourth  ventricle.     The  posterior  root 
(P)  on  each  side  is  a  fine  slender  nerve  which  passes  obliquely 
backwards  for  some  distance  in  the  spinal  canal,  then  pierces 
the  cartilage,  and  forms  a  ganglion.    The  anterior  root  (A)  has 
two  rootlets,  and  springs  from  the  cord  about  f  inch  behind  the 
fourth  (anterior)  vagal  nerve,  and  somewhat  in   front  of  its 
dorsal  root.     It  passes  back  similarly  some  way  in  the  spinal 
canal,  and  then  through  the  cartilage  about  -fy  inch  behind 
the  canal  for  the  last  anterior  root  of  the  vagus.    The  nerve 
then  bifurcates — one  branch  (as)  runs  upwards  to  the  ganglion 
of  the  posterior  root  which  it  joins,  the  other  branch  (v")  joins 
the  anterior  vagal  nerves.   From  the  ganglion  there  are  branches 
(jd$)  which  pass  into  the  muscle,  and  another  fine  twig  (ps) 
which  passes  down  and  joins  the  second  of  the  strands  into 
which  the  anterior  root  divided,  constituting  the  anterior  pri- 
mary branch.    A  kind  of  triangle  is  thus  formed,  very  similar 
to  Stannius'  figure  of  the  ganglion  and  roots  in  the  Stuigeon 
(St  Taf.  IV.  Fig.  5). 

All  the  following  spinal  nerves  arise  in  the  same  manner. 
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only  their  roots  pass  out  directly  instead  of  running  a  long  way 
within  the  spinal  canal.  The  anterior  root  invariably  has  three 
or  four  rootlets,  and  is  situated  in  front  of  its  corresponding 
posterior  root. 

The  anterior  primary  branches  {8p.  U.  III.  IV.)  <rf  the 
three  spinal  nerves  (after  the  first)  join  the  first  and  the  three 
last  vagal  roots  at  once,  to  constitute  the  cervical  cord.  This 
cervical  cord  gives  off  a  small  twig  {an)  which  unites  with  the 
muscular  nerve  of  the  vagus  (cf.  §  15  m"'),  and  then  receives 
the  anterior  primary  branch  of  the  fifth  spinal  nerve  {8p,  V.). 
It  then  divides  into  two  branches  which  are  distributed  as 
follows. 

The  first,  or  more  externally  placed  (Cv),  is  the  stouter  of 
the  two  branches.  It  runs  down  closely  applied  to  the  prsecora- 
coidal  r^on  of  the  shoulder-girdle,  gives  off  two  small  branches 
and  then  passes  through  a  foramen  at  the  base  of  the  epicora- 
coid,  and,  coming  out  on  the  ventral  surface,  is  distributed  to 
the  muscles  of  the  pectoral  fin.  The  second  division  {Oo)  runs 
behind  the  rudimentary  Yth  arch,  and  then  breaks  up^  some  of 
the  twigs  going  to  the  muscular  (?)  membrane  which  connects 
the  Yth  branchial  arch  to  the  epicoracoid,  and  supplying  it  in 
conjunction  with  one  of  the  small  branches  given  off  by  the  first 
division  before  entering  the  foramen.  The  second  of  the  small 
branches  derived  from  the  first  division,  in  conjunction  with  the 
remaining  branches  of  the  second  division,  are  lost  in  the  ventral 
muscles  which  have  their  attachment  to  the  posterior  edge  of 
the  epicoracoid. 

In  the  distribution  of  the  anterior  vagal  roots,  and  in  the 
union  of  the  three  last  with  the  five  first  spinal  nerves,  Echino- 
rhinus  differs  completely  from  Hexanchus,  Spinax  and  Car- 
charias,  according  to  the  descriptions  given  by  Qegenbaur  and 
Stannius  respectively.  It  might  be  urged  that  because  the 
anterior  vagal  roots  in  the  three  Sharks  just  named  unite  with 
the  trunk  formed  by  the  union  of  the  posterior  vagal  roots  outside 
the  skull,  but  here  in  Echinorhinus  unite,  not  with  the  posterior 
roots  of  the  vagus,  but  with  spinal  nerves ;  they  are  therefore 
not  anterior  vagal  roots,  but  anterior  roots  of  spinal  nerves 
which  have  lost  their  posterior  roots. 

The  answer  to  this  objection,  which  is  primd  fade  a  good 
one,  lies  apparently  in  the  following  facts. 

7—2 
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i.  The  foremost  of  these  anterior  vagal  roots  arise  from  the 
medulla  oblongata  some  .way  above  the  posterior  extremity 
of  the  fourth  ventricle.  Consequently  the  posterior  vagal  roots 
extending  backwards  to  the  very  extremity  of  the  fourth  ven- 
tricle^ extend  also  far  behind  the  place  of  origin  of  the  anterior 
vagal  roots  mentioned.  Hence  we  must  either  admit  that  the 
roots  in  question  are  the  anterior  roots  of  spinal  nerves  shifted 
far  forwards  and  deprived  of  their  posterior  roots,  or  else  allow 
that  they  represent  anterior  roots  corresponding  to  posterior 
roots  actually  present  and  represented  by  the  upper  roots  of  the 
vagus.  The  former  supposition  seems  both  gratuitous  and  ab- 
surd; and  the  mode  and  place  of  origin  of  these  nerves  clearly 
point  to  their  connection  with  the  vagus. 

ii.  The  first  anterior  vagal  root  remains  independent.  It 
does  not  unite  with  spinal  nerves,  and  it  enters  a  muscle  which 
connects  the  upper  part  of  the  shoulder-girdle  to  the  skulL  In 
Spinax  {St,  p.  83)  branches  from  the  main  trunk  of  the  vagus 
enter  this  same  muscle,  and  in  Cottus  {St.  p.  122)  a  branch 
from  a  nerve,  regarded  by  Stannius  as  the  first  spinal  nerve 
wanting  the  posterior  root,  enters  the  homologous  muscle. 

iii.  Though  it  is  true  that  the  three  posterior  vagal  roots 
unite  with  spinal  nerves,  it  must  be  remembered  that  each 
sends  a  twig  into  the  muscle  into  which  the  first  anterior  vagal 
root  enters  exclusively,  and  also  that  the  nerve-trunk,  formed 
by  the  conjoined  anterior  vagal  roots  and  first  spinal  nerves,  is 
in  close  connection  with  a  branch  of  the  vagus  by  the  branch  of 
anastomosis  mentioned  before  (^tfpra,  §  15).  Accordingly,  in  spite 
of  the  union  of  the  anterior  vagal  roots  with  spinal  nerves,  it  is 
possible  that  they  have  not  lost  their  connection  with  the  pos- 
terior roots. 

It  is  also  a  remarkable  fact,  and  one  worth  noting,  that  in 
Teleostei  branches  derived  from  the  Rr.  pharyngei  inferiores 
are  distributed  to  the  muscular  floor  connecting  the  ventral 
ends  of  the  branchial  arches  and  the  ossa  pharyngea  inferiora 
to  the  shoulder-girdle  {St,  p.  90).  In  the  Sharks  {8L  p.  122) 
the  same  parts  are  supplied  by  the  two  first  spinal  nerves. 
Here  in  Echinorhinus  they  are  supplied  by  conjoined  vagus 
and  spinal  nerves  (see  ante,  CV). 

An  interesting  point  of  inquiry  in  connection  with  the 
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Tagus  is  the  relation  of  the  hjpoglossus  and  accessorius  Willisii 
of  Mammalia  and  Sauropsida  to  these  anterior  roots  of  the 
vagus.  Gegenbaur,  in  his  paper  on  Hexanchus,  so  often  re- 
ferred to  already,  derives  the  hypoglossus  from  the  anterior 
vagal  roots.  The  spinal  accessory,  he  says,  "  is  obviously  repre- 
sented by  the  posterior  part  of  the  upper  (t.  e.  posterior)  row  of 
roots  of  the  vagus — it  is  still  a  part  of  the  vagus  itself'* 
(/.  Z.  p.  530).     This  homology  is  somewhat  doubtful. 

In  the  firat  place,  according  to  Meynert  {Sr.  pp.  524f— -6),  the 
roots  of  both  hypoglossus  and  spinal  accessory  are  connected 
with  masses  of  grey  matter  in  the  medulla  oblongata,  which 
in  the  cord  correspond  respectively  to  the  inner  portion  of 
the  anterior  grey  comu,  and  to  the  processus  lateralis  of 
the  same  comu.  Below  the  level  of  the  internal  accessory 
olivary  bodies  the  same  grey  masses  give  off  anterior  roots 
of  the  first  pair  of  cervical  nerves,  which  above  these  oli- 
vary bodies  give  off  hypoglossus  roots.  The  vagus  of  Man  is, 
on  the  other  hand,  connected  with  grey  masses  homologous  with 
the  posterior  grey  comu  in  part.  The  hypoglossus  and  spinal 
accessory  of  the  Mammalia  being  thus  so  clearly  connected  ana- 
tomically with  grey  masses  representing  the  anterior  grey  comu 
in  the  spinal  column,  it  is  only  reasonable  to  suppose  that  both 
alike  are  homologous  anatomically  with  anterior  nerve-roots. 
The  spinal  accessory  will  therefore  have  to  be  sought  most 
probably  in  the  anterior  roots  of  the  vagus. 

In  the  second  place,  there  is  the  fact  to  be  taken  into  con- 
sideration, that  the  'elevator*  of  the  shoulder-girdle  is  supplied 
by  an  anterior  vagal  root  in  Echinorhinus  and  in  Spinax  by 
branches  from  the  vagus  after  it  has  been  joined  by  the  two 
anterior  roots.  It  is  possible  that  this  muscle  corresponds  more 
or  less  closely  with  the  mass  from  which  our  trapezius  and  ster- 
nocleido-mastoid  are  differentiated.  This  fact  would  therefore 
also  make  for  the  derivation  of  the  spinal  accessory  from  the 
anterior  vagalroots,  as  well  as  the  hypoglossus,  which  is  without 
doubt  so  derived. 

The  close  union  in  Echinorhinus  of  the.  anterior  roots  of  the 
vagus  with  the  first  spinal  nerves  certainly  lends  strength  to  the 
homology  between  these  roots  and  the  spinal  accessory  and 
hypoglossus.  On  the  one  hand  in  Mammalia  the  vagus  is  inti- 
mately connected  with  the  spinal  accessory.   Indeed,  evulsion  of 
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this  latter  nerve  is  said  to  paralyse  all  the  motor  fibres  contained 
in  the  vagus  (Hermann,  Grundriss,  p.  831).  It  is  also  connected 
with  the  hypoglossus.  It  is  this  connection  that  we  see  exagge- 
rated in  Hexanchus,  Spinax  and  Carcharias.  On  the  other  hand, 
the  vagus  in  Man  is  connected  with  the  suboccipital  nerve 
(Q.  8,  p.  636),  the  spinal  accessory  is  connected  with  the  cervi- 
cal plexus,  and  the  hypoglossus  receives  the  well-known  commu- 
nicans  noni.  It  is  this  connection  that  we  find  exaggerated  in 
Echinorhinus.  We  may  suppose  it  carried  still  further — even 
to  the  suppression  of  the  anterior  roots  as  visible  external  roots. 
Then  we  should  be  able  to  explain  how  it  is  in  Amphibia  that 
the  first  spinal  nerve  represents  the  hypoglossus,  being  distri- 
buted to  the  hyoidean  and  tongue-muscles.  The  distribution  in 
Teleostei  of  branches  derived  from  the  first  spinal  nerve  to  the 
homologous  region  led  Cuvier  and  Btichner  long  ago  to  desig- 
nate that  nerve  as  hypoglossus,  while  Stannius  pointed  out 
more  correctly  that  it  represented  this  nerve  in  part.  It  is  of 
course  possible  that  the  deep  origin  of  the  first  spinal  nerve 
may  in  these  cases  embrace  that  of  the  anterior  vagal  roots,  t.  e, 
extend  far  forwards  into  the  medulla  oblongata.  This  point, 
however,  is  one  which  does  not  appear  to  have  attracted  obser- 
vation ;  but  that  the  supposition  is  far  from  improbable  may  be 
surmised  from  the  great  variations  both  in  the  number  of  the 
roots,  and  of  the  place  of  exit,  displayed  by  the  first  spinal 
nerves  {St  p.  121).  It  is  also  possible  where  two  distinct  sets 
of  nerves  come  to  supply  identical  regions  from  great  morpho- 
logical changes,  that  in  given  cases  one  set  may  disappear,  the 
other  persist  and  develope,  and  vice  versd. 

The  accompanying  table  displays  at  one  view  the  relations 
of  the  cranial  nerves  to  the  visceral  arches  and  clefts,  as  well  as 
the  special  homologies  suggested  in  this  paper. 

The  spinal  column  is  not  much  diflFerentiated\  The  core  is 
composed  of  dense  fibrous  tissue :  a  complete  fibrous  septum  is 
developed  at  intervals,  at  a  spot  corresponding  to  the  exit  of 
the  anterior  roots  of  the  spinal  nerves.  In  this  way  a  series  of 
oblong  chambers  is  constituted  internally,  and  these  enclose  the 
gelatinous  remains  of  the  notochord.  On  the  ventral  surface  of 
this  fibrous  core,  semi-rings  of  cartilage  are  developed,  thickened 

1  In  this  description  the  present  tense  is  used  where  the  part  descrihed  has 
been  j[>re6erved. 


^ 

I 


NEBVES  or  ECHIHORHIKUS  SPIHOSaS. 


mi 


lij 

IIUi 


n 

li 


III 
iU 


it 


II 


I'M 
lllll 


IIP 


11^ 

Is 


104  MB  JACKSON  AND  MB  CLABKE. 

lateralljy  and  forming  short  conical  processes  to  which  are 
attached  the  stunted  cartilaginous  ribs.  The  floor  of  the  neural 
canal  is  fibrous^  its  sides  are  formed  by  cartilage.  There  is  a 
series  of  crural  cartilages,  triangular  in  shape,  and  pierced  by 
the  anterior  roots  of  the  spinal  nerves.  Between  these  fit  in 
large  '  intercrurals/  also  triangular  in  shape,  the  apices  touching 
the  fibrous  core,  as  in  Notidanus,  Centrina,  &c.,  and  pierced  by 
the  posterior  roots  of  the  spinal  nerves.  At  the  summit  of  each 
crural  cartilage  and  between  each  intercruraJ  is  a  small  cartilage, 
lozenge-shaped  in  transverse  section. 

There  is  little  to  say  about  the  digestive  organs  after  the 
description  given  by  Professor  Turner  (ix.  pp.  299 — 300  of  this 
Journal).  There  is  no  duodenal  dilatation,  and  duodenal 
caeca  are  absent.  The  spiral  fold  of  the  intestine,  which  is  at 
first  straight,  but  gradually  becomes  oblique,  commences  by  a 
forked  extremity,  the  fork  embracing  the  pyloric  aperture.  The 
mucous  membrane  of  the  rectum  is  smooth.  The  length  of  the 
duodenum  and  valvular  intestine  in  the  female  specimen  was 
23^  inches.  The  liver  consisted  of  two  equal  lobes;  in  the 
female  4  ft.  3  in.  long,  weighing  together  2111is.  12  oz.,  and  of  so 
low  a  specific  gravity  that  they  floated  readily  on  water.  There 
was  a  large  gall-bladder  containing  some  liquid  yellow  bile. 
The  pancreas  is  a  large  bilobed  gland ;  one  lobe  simple  and 
thin,  the  other  and  larger  lobe  thick  and  bifid  at  the  extremity. 
The  longer  of  the  two  bifurcations  curves  round  the  pyloric 
extremity  of  the  stomach  just  at  the  commencement  of  the 
duodenum.  The  bile  and  pancreatic  ducts  open  into  the  duo- 
denum below  the  commencement  of  the  spiral  valve. 

In  the  digestive  tract  were  found  several  examples  of  a 
large  Distomum — species  undetermined  as  yet. 

The  conns  arteriosus  gives  rise  to  a  long  aortic  stem,  from 
which  spring  the  branchial  arteries,  four  in  number,  the  anterior 
bifurcating,  as  is  usual  in  Selachians.  It  contains  four  rows  of 
valves.  Of  these  the  anterior  or  first  row  contains  the  largest 
valves,  three  in  number.  The  second  row  has  very  small  valves 
indeed,  easily  overlooked,  one  behind  each  of  the  valves  in  the 
first  row.  A  fourth  minute  valve  is  intercalated  in  this  row. 
The  third  and  fourth  rows  each  contain  four  valves,  those  in  the 
third  rather  the  larger.  In  shape  they  are  broad,  not  deep, 
and  they  vary  in  size,  two  valves  being  lai^er  than  the  other 
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two.  The  ventricle  has  thick  walls,  with  strongly  marked  in- 
ternal muscular  ridges.  The  auricle  and  sinus  venosus  have 
each  their  usual  bivalved  aperture. 

There  is  a  heart-shaped  spleen  attached  to  the  curvature  of  the 
stomacL  A  second  spleen,  pyriform  in  shape,  and  in  the  female 
specimen  about  eight  inches  long,  lies  close  to  the  pancrea& 

Just  below  (in  the  natural  position  of  the  animal)  the  termi- 
nal division  of  the  branchial  artery,  lying  between  the  sterno- 
hyoid muscles  (of  Owen),  there  was  an  elongated  slender 
structure,  reddish  in  colour,  and  somewhat  resembling  atrophied 
thymus  as  it  appeared  on  microscopical  examination.  It  pro- 
bably represents  the  thyroid. 

A  similar  gland,  reaching  right  across  the  body,  lay  close 
behind  the  branchial  arches,  thrusting  itself  between  the  oeso- 
phagus aad  the  vertebral  column.  Its  microscopic  appearance 
was  similar  to  that  of  the  gland  just  mentioned.  It  is  usually 
held  to  represent  the  thymus. 

In  the  female  the  kidneys  reached  to  within  a  foot  of  the  apek 
of  the  heart.  The  two  ureters  dilate  terminally  and  open  separately 
into  the  cavity  of  the  urethral  papilla  which  projects  from  the 
dorsal  wall  of  the  cloaca.  In  the  male  the  whole  of  the  outer 
side  of  the  vas  deferens  shows  traces  of  kidney-substance,  but 
it  is  only  posteriorly  that  the  characteristic  colour  of  the  kidney 
is  evident,  the  forepart  being  colourless. 

The  ovaries  are  large,  and  consist  of  a  loose  stroma,  em- 
bedding ova  of  every  size,  some  quite  microscopic,  others  of  the 
size  of  ordinary  pistol-bullets,  and  one  fully  as  large  as  a  hen*s 
egg.    They  lie  close  behind  the  oviducts. 

The  oviducts  were  suspended  each  by  a  separate  peritoneal 
fold,  which  coalesced  with  its  fellow  to  form  a  single  lamina 
before  it  was  attached  to  the  vertebral  column.  The  mesogas- 
trium  commenced  at  the  point  of  junction  of  the  two  oviducal 
folds.  The  upper  part  of  the  oviduct  has  a  thin  mucous  mem- 
brane, elevated  into  numerous,  close-set,  and  fine  folds,  some- 
what sinuous.  At  the  summit  of  each  fold  is  a  row  of  minute 
orifices  (glandular  no  doubt)  quite  visible  to  the  naked  eye.  A 
large  nidamental  gland  was  present,  about  2  in.  in  transverse 
diameter,  and  1^  in.  broad.  Professor  Turner  appears  not 
to  have  found  this  gland  in  his  specimen  (ix.  p.  299  of  this  Jour- 
ndl\  though,  according  to  Bruch  {Etudes  mr  PappareU  de  la 


• 


X 


106  MB  JACKSON  AND  MB  CLABKE. 

gin^rdion  chez  les  S^adens,  Strasbourg,  1860),  it  is  always 
present:  La  glande  de  Voviducte  est  constante,  p.  64.  It  is 
(p.  54)  even  present  in  viviparous  species.  The  upper  third 
of  this  gland  is  greyish  in  colour  and  apparently  smooth,  while 
the  lower  two-thirds  is  yellowish,  and  consists  apparently  of  a 
number  of  transverse,  thin,  close-set,  and  parallel  folds,  between 
which,  Bruch  (p.  52)  asserts,  are  situated  the  orifices  of  glands. 
The  nidamental  gland  appears  to  vary  much  in  size  in  different 
Selachians,  and  in  the  same  species  at  different  times  of  the 
year,  being  much  larger  at  the  period  of  sexual  activity.  It 
appears  also  that  the  relative  arrangement  of  the  grey  and 
yellow  zones  is  not  always  the  same  (cf.  Bruch,  pp.  51,  52).  In 
our  specimen  the  nidamental  gland  was  situated  28  inches  from 
the  outlet  of  the  oviduct. 

The  oviduct  (uterus)  below  the  nidamental  gland  has  a 
thick  mucous  membrane  produced  into  short  wavy  villous  folds. 
These  folds  are  aggregated  more  or  less  distinctly  into  four 
rows.  In  each  row  the  central  folds  are  well  developed,  while 
on  each  side  they  are  stunted  and  feeble. 

The  mucous  membrane  at  the  termination  of  the  oviducts  is 
much  more  smooth,  and  has  only  a  few  papilla.  The  apertures 
lie  one  on  each  side  the  cloaca.  They  are  large,  large  enough  in- 
deed to  admit  two  fingers  easily:  a  point  in  which  our  specimen 
again  differs  from  Professor  Turner's,  which  from  the  minuteness 
of  the  ova,  and  the  capillary  size  of  the  orifices  of  the  oviducts, 
was  not  in  a  state  of  sexual  activity.  In  the  middle  line 
between  the  oviducal  apertures  there  lies  below,  the  round 
rectal  aperture ;  above,  the  long  conical  urethral  papilla. 

The  abdominal  pores  in  both  specimens  are  large  and  slit- 
like, situated  just  without  the  rim  of  the  cloaca  at  the  base  of 
the  ventral  fins  and  guarded  by  a  fold  of  skin. 

In  the  male  the  testes  are  thin,  dark-coloured  glands 
about  8  inches  in  length  and  much  flattened.  They  are  sus- 
pended by  a  well-developed  peritoneal  fold.  The  vas  deferens 
is  slender  at  its  commencement  from  the  epididymis,  and 
much  convoluted  in  the  usual  way.  Lower  down  it  becomes 
straight  and  of  greater  calibre,  and  terminally  each  has  a  well- 
marked  and  separate  dilatation  with  tHck  muscular  walls,  and 
feebly  marked  internal  rugsB.  The  vas  deferens  on  each  side 
opens  separately  into  the  cavity  of  the  genito-urinary  papilla, 
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situated  on  the  dorsal  wall  of  the  cloaca  (of.  Bruch,  op.  cit 
pp.  35,  36,  and  PL  I.  Figs.  1  and  2). 

The  claspers  are  large,  about  5  inches  in  length.  On  their 
inner  and  posterior  side  is  a  slit  about  2^  inches  long,  which 
leads  into  a  deep  conical  cavity  (cf.  Owen^  Comp.  AnaL  Veri. 
VoL  I.  pp.  570, 1). 

DBSCRIPTION  OF  PLATE  VII. 

Fig.  1.     ThS  fiRAOl  OF  ECHIlfORHINUS  SpINOBUS. 

Off.    Rhinencephaloa — OlfiutcMy  Tracts.  C.     Procenoepbalon. 

1%.  Thalamencephalon.  Op.  OpUc  Nerre.  C.  B.  Mesoncephaloii — 
Corpora  Bigemina  or  Optic  Lobes.  Ce.  Cerebellum.  M.  0.  Medulla 
Oblougata.  L.  Tr.    Lobi  Iferri  TrigeminL         Pi.    Pineal  Gland. 

VZ.  Third  Ventricle.  ^4.  Fourth  Ventricle:  the  roof  thick  ui  front, 
thin  behind.  #.  Outermost  strand  of  Medulla  Oblongata.  g.  Gan- 
glionated  Tract  j^.  Teretial(?)  Tracta  p.  Anterior  pyramids. 
In.  Oculomotor.  IV.  Trochlear.  V.  Trigeminus.  Va.  First 
root  of  Trigeminus.  V/3+Vy.  Second  and  Third  roots.  VII.  Facial. 
Au.  Auditory  ^'erve.  12.  Glossopharyngeus.  X.  Vagus  (posterior 
roots).  X'.    Vsgus  (anterior  roots — tvro  last  only  represented), 

ifi^.  L    First  Spinal  Nerve. 

Fig.  %    Firru  and  Seyenth  Ne&yes  (semi-diagrammatic). 

Vo.    Fir«t  root  of  Fifth ;    V/9.    Second  root  Vy.  VII.    Third 

root  and  root  of  Seventh.  V.    Trigeminus.  Optn.    Ophthalmio. 

d.  d.  R.  dorsalis.  OotK.  Ophth.  superficialis  (frontal).  o.  n.  Ojphth. 
profundus  (orbito-nasal).  Ci,  Ciliary  Nerve.  tr.  Terminal  twigs  to 
upper  (dorsal)  surface  of  rostrum.  a.    B.  dorsalis.         nut.    Superior 

Maxillary  Nerv&  n.p.  Anterior  division  (  =  naso-palatine).  t.jpa. 
Bpheuo-palatine,  and  /.  o.  Infra-orbital,  =  posterior  division.  Mn.  Inferior 
Maullary  Nerve.  h.    Buccal^?)  Nerve.  au.  and  P.  M.    Muscular 

Nerves.  Mn',  Gustatory  +  Inferior  dental  VIL  Facial  d'.  R, 
dorsaJisL  Sp.    Spiracular  Nerve.  pt.    Palatine  Nerve.  A.  hr. 

Muscular  Nerves.  atu  Nerve  to  angle  of  mouth.  ch.  R.  mandibu- 
laris  iotemus  (chorda  tympaui).       F.    R.  mand.  eztemus  (  =  inain  trunk). 

Fig.  3.    Glossophabtnqbal,  Vagus  axd  First  Spinal  Nsavxs  (semi- 
diagrammatic). 

Op.    Glossopharyngeal ;    d,   R.  dorsalis  ;     d*.   Muscular  (?)  Nerve  ; 
br.     Hyoidean    (anterior^    branch.  PA.    Pharynseal  Nerve ;    W. 

Posterior  division  (branchial).  Vg.  Posterior  (dorsal)  roots  of  Vagus  ;. 
d.  d*.    Rr.  dorsales.  Z.     Lateral  line  Nerve.        Br.  I.  II.   III. 

IV.  Branchial  Nerves  ;  a.  and  p.  Anterior  and  posterior  divisions ; 
m.  m'.  Muscular  branches  ;  pK,  Pharyngeal  branches.  pK'.  Pha- 
ryngeal branch  of  IVth  Branchial  Nerve  (=  main  portion).  v.  Twigs  to 
mucous  membrane  of  Vth  arch.  an.  Anastomosis  with  I.  m". 
Muscular  Nerve  of  Posterior  division  of  IVth  Branchial  Nerve.  ni'\ 
Muscolar  Nerve  from  main  trunk  of  Vagus.  06.  (Esophageal  branches. 
/.  /.    Visceral  branchea  Vg.  L  II.  III.  IV.    Anterior  Vagal  roots. 

cT*.    Branches  to  Muscla  t<.    Ventral  branches.  Sp.  L    First 

Spinal  Nerve ;  A.  and  P.  Its  anterior  and  posterior  roots  ;  dt,  R. 
dorssJis.  a*.  Branch  to  ganglion  from  anterior  root  p9.  Branch 
from  ganglion  to  anterior  root  j  ^*\  R.  ventralia  Sp.  II.  IIL  IV.  V. 
Spinal  Nerves— Rr.  ventrales,  aii.  Anastomosis  of  Cervical  Cord  with 
Moseolar  Nerve  of  VaguSb  Cv.  External,  Cv\  Internal,  division  of 

Cervioftl  Cord. 


NOTE  ON  CERTAIN  PECULIAR*  CELLS  OF  THE 
CORNEA  DESCRIBED  BY  Db  THIN.  By  John 
Priestley,  Flatt  Physiological  Scholar,  The  Owens 
College. 

The  cornea,  it  is  well  known,  has  been  made  the  object  of 
investigation  by  great  numbers  of  histologists  and  pathologists 
with  a  view  to  discover  its  intimate  sti'ucture  under  both 
normal  and  pathological  conditions,  as  is  evidenced  by  the 
extent  of  the  literature  of  the  Normal  and  Inflamed  Cornea. 
It  is  also  well  known  that,  in  these  investigations,,  all  the 
ordinary  histological  methods  of  treatment  had  been  brought  to 
bear  on  the  organ.  It  was,  therefore,  a  matter  of  astonishment 
and  of  very  great  interest  to  learn  from  a  paper  by  Dr  Thin 
published  in  the  Proceedings  of  the  Royal  Society  (vol.  xxii.,  p. 
515),  that,  by  means  of  a  new  method,  a  multitude  of  peculiar 
cells  had  been  discovered  belonging  to  the  proper  corneal  sub- 
stance, and  regarded  by  Dr  Thin  as  the  cellular  elements  of  a 
sheath  investing  the  fibrillary  bundles.  The  results  obtained 
by  treating  connective  tissues  according  to  the  method  referred 
to  are  stated  by  Dr  Thin  to  be  most  satisfactory  in  the  case  of 
the  cornea;  and  he  properly  regards  his  experiments  on  that 
structure  as  of  fundamental  importance. 

The  method  is  as  follows  (p.  515) :  '^  If  a  cornea  is  placed  in 
a  saturated  solution  of  caustic  potash,  at  a  temperature  between 
105®  and  115®  F.,  it  is  reduced,  in  a  few  minutes,  to  a  white 
granulated  mass  of  about  a  fourth  of  its  previous  bulk.  In  a 
small  piece  of  the  diminished. cornea,  broken  down  with  a 
needle  and  examined  under  the  microscope  in  the  same  fluid,  it 
is  found  that  the  only  visible  elements  are  a  great  number  of 
cells."  These  cells,  of  which  many  are  figured  in  Dr  Thin's 
paper  (Plate  viii.),  are  of  very  various  forms,  some  being 
angular,  or  club-shaped  with  processes  of  various  lengths, 
others  resembling  long,  narrow  rods,  and  oblong  cells,  united 
together  in  many  ways.  They  are  granular,  and  sharply  out- 
lined, and  the  nuclei  are  nearly  equal  in  length  in  all  the  cells. 
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bat  in  the  narrower  sort  they  are  compressed.  Those  cells 
which  are  long  are  also  narrow;  and  the  shorter  kind  are 
noticed  to  be  broader. 

An  inspection  of  the  drawings  of  cells  (see  Plate  VIIL) 
obtained  by  the  above  method  from  the  comeae  of  oxen,  sheep 
and  frogs,  as  well  as  certain  statements  in  Dr  Thin's  description, 
led  to  the  suspicion  that  the  cells  he  had  seen  were  epithelial 
cells  belonging  to  the  anterior  epithelium  of  the  cornea.  Thus, 
as  he  himself  notices,  many  of  them  were  sutured  to  undoubted 
epithelial  patches  which  were  present  in  the  preparations  (p. 
517)  ;  again,  as  has  just  been  mentioned,  the  longer  sort  of  cells 
were  very  constantly  narrow,  while  the  shorter  ones  were  wide, 
a  circumstance  which  might  well  indicate  a  relationship  to  some 
one  form,  the  originator  of  both.  Moreover,  the  treatment  of 
tendon  (which,  of  course,  possesses  no  epithelium  like  that  of 
the  anterior  surface  of  the  cornea)  by  the  above  method  "  seldom 
led  to  satisfactory  results"  (p.  519);  while  in  the  cutis  "the 
demonstration  of  the  cells  was  easy"  (p.  520).  The  following 
observations  were  made  in  the  Laboratory  of  the  Brown  Institu- 
tion, at  the  suggestion,  and  under  the  direction,  of  Dr  Klein, 
with  a  view  to  decide  whether  the  suspicion  were  well  founded 
or  not. 

In  the  first  place  the  fresh  cornea  of  a  frog  was  treated 
according  to  the  potash  method,  by  being  kept  for  four  or  five 
minutes  in  a  thoroughly  saturated  solution  of  caustic  potash 
within  the  prescribed  limits  of  temperature,  by  means  of  a 
water-bath.  The  cornea  was  mounted  in  the  same  fluid  and 
examined,  when  an  abundance  of  cells,  exactly  resembling  those 
figured  in  Dr  Thin's  paper  (PL  viii.,  Figs.  1,  2,  8),  were  seen, 
along  with  others  which  were,  from  position  and  shape,  un- 
doubtedly anterior  epithelial  cells.  A  few  sections  were  made 
from  the  corneal  suiface  of  a  sheep's  eye  (which  had  been  im- 
mersed as  a  whole  for  a  week  in  0*5  p.c.  solution  of  bichromate 
of  potash)  and  subjected  to  the  potash  method  with  similarly 
favourable  results. 

Another  fresh  cornea  of  frog  was  then  taken,  and  the  anterior 
epithelium  scraped  off  with  the  edge  of  a  sharp  knife  before  it 
was  treated  with  potash  as  above.  The  cornea  after  treatment 
was  mounted  as  a  whole,  being  pressed  out  firmly  under  the 
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cov^r-glafis ;  far  fewer  cells  could  be  seen  than  in  the  previous 
frog's  cornea^  and  they  were  collected  in  patches  here  and  there 
on  the  surface  of  the  cornea,  and  especially  where  the  knife  had 
been  less  eflPectively  used  {e,g.  near  the  edges).  When  the 
scraping  had  been  performed  with  exceeding  care  the  whole  cornea 
became  transformed  into  an  am^orphous  m^aes,  falling  to  pieces  on 
being  lifted  from  the  solution  after  having  been  subjected  to  its 
action  for  the  usual  time.  This  is  obviously  a  fact  of  very  great 
importance,  and  it  is  the  only  point  in  which  Dr  Thin's  experi- 
ence  differs  from  that  recorded  here ;  for  he  states  (p.  516) : 
"  The  smallest  piece  that  can  be  removed  by  the  needle  from  a 
cornea  which,  before  being  put  into  the  solution,  has  had 
this  {i.e.  the  anterior)  epithelium  scraped  off  and  Descemet's 
membrane  removed,  shows  under  the  microscope  a  multitude 
of  cells." 

The  sheep's  cornea  used  above,  i.  e.  which  had  been  kept  for 
a  week  in  0*5  p.c.  bichromate  of  potash,  was  cut  into  horizontal 
sections,  and  the  sections  separated  into  three  sets,  viz., 
1.  All  those  which  bore  anterior  epithelium.  2.  All  those 
which  were  made  through  proper  corneal  substance  alone.  3. 
The  lowest  layer  of  corneal  substance  proper  still  covered  by 
Descemet's  membrane  and  posterior  endothelium.  Several 
specimens  of  each  of  the  three  sets  were  then  subjected  succes- 
sively to  the  caustic  potash  solution,  with  the  following  constant 
results  :  Those  sections  containing  anterior  epithelium  exhibited 
satii^actorily  the  cells  described  by  Dr  Thin:  those  of  the 
proper  corneal  substance  alone  never  exhibited  any  sttch  cells,  or 
anything  indeed  but  a  more  or  less  granular  amorphous  mass, 
which  often  fell  to  pieces  while  in  the  solution  if  allowed 
to  remain  there  even  slightly  longer  than  two  or  three  minutes: 
those  including  Descemet's  membrane  and  posterior  endo- 
thelimn  exhibited  only  cells  of  the  quadrate  and  angular  kind, 
and  none  of  the  long,  rod-like,  imbricated  description ;  patches 
were  sometimes  noticed  having  a  superficial  resemblance  to 
spindle-shaped  imbricated  structures  (unlike,  however,  anjrthing 
figured  in  Dr  Thin's  paper),  but  they  were  ascertained  to  be  due 
to  foldings  of  Descemet's  membrane. 

It  seems,  therefore,  clear  that  when  eare  is  taken  to  remove 
entirely  all  traces  of  anterior  epithelium,  it  is  not  possible,  by 
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the  method  devised  by  Dr  Thin,  to  get  indications  of  any  cells 
whatever  belonging  to  the  proper  tissue  of  the  cornea. 

The  potash  method  is  quite  competent  to  modify  epithelial 
cells  so  as  to  produce  cells  of  the  narrow,  elongated,  isolated  and 
imbricated  forms  %ured  in  PL  viii.,  as  is  shown  by  the  foU 
lowing  experiments :  Vertical  sections  were  made  of  a  rabbit's 
cornea  which  had  been  hardened  in  spirits  for  some  months. 
They  were  mounted  as  they  were  and  examined,  and,  while 
imder  observation,  were  irrigated  freely  with  hot  saturated  solu- 
tion of  caustic  potash;  it  was  seen  that  the  proper  corneal 
substance  underwent  considerable  shrinking,  the  result  of  which 
was  to  contract  laterally,  and  consequently  to  elongate,  the  cells 
of  the  anterior  epithelium,  which  itself  became  more  or  less 
£Eu:Lshaped.  Where  the  epithelial  covering  had  chanced  to  become 
detached  from  the  subjacent  tissue,  at  the  end  of  a  section,  it 
remained  sensibly  of  the  same  thickness  and  length.  Oblique 
sections  of  the  sheep's  cornea  above  used,  when  treated  in  the 
same  way,  showed  the  same  contraction  of  the  proper  substance, 
which  was  so  powerful  at  certain  spots  as  to  force  out  individual 
elongated  cells  into  tibe  surrounding  medium,  much  as  pressure 
might  squeeze  out  the  interior  of  a  soft  fruit. 

On  p.  517  Dr  Thin  states,  as  to  the  method,  that  "  there 
are  conditions  of  success,  as  to  the  nature  of  which  I  have  not 
yet  come  to  a  definite  conclusion.    Sometimes  the  same  solu- 
tion,  applied  at  the  same  temperature  to  different  corneae, 
succeeds  in  one  and  fails  in  another,  and  sometimes  a  solution 
prepared  with  every  precaution  has  failed  to  afford  me  any 
result.    The  two  essential  conditions  to  success  are  complete 
saturation  and  temperature.     I  have  never  succeeded  with  a 
temperature  above  120",  nor  with  one  below  102'"  (F.).    It  may 
be  here  stated  that  when  sections  of  the  cornea  of  an  ox,  which 
had  only  been  immersed  in  very  dilute  bichromate  of  potash  for 
16  hours,  were  treated  in  the  usual  manner,  scarcely  any  cells 
were   seen,  and  those  that  did  appear  were  ill-defined  and 
granular :  this  is  evidently  due  to  the  easier  destruction  of  the 
fresher  tissue  by  potash.     Dr  Thin  does  not  say  in  what  condi- 
tion as   to   hardness  the   comeaD   were  which  he   examined. 
Temperature  had  a  marked  influence  on  the  modifying  powers 
of  the  potash  solution.     The  limits  prescribed  by  Dr  Thin,  viz.. 
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102^-120^  F.,  i.e.  39"-49'  C,  below  and  above  which  respectively 
he  failed  to  get  results,  are  perhaps  more  likely  to  be  correct 
than  those  found  most  serviceable  in  these  experiments,  as 
being  based  on  more  extended  series  of  observations.  But  for 
the  cornea  of  sheep  (hardened  for  two  weeks  in  05  p.  c.  solution 
bichromate  of  potash)  temperatures  of  48^-52**  C.  were  found 
most  useful  Temperatures  of  43®  C.  and  of  55*  C.  gave  pre- 
parations exhibiting  ordinary  epithelial  cells  resembling  those 
in  successful  preparations  at  48^-52®  C.  only  in  being  scattered 
about  and  aggregated  in  a  similar  manner. 

No  drawings  have  been  inserted  in  this  paper  of  the  cells  of 
the  anterior  epithelium  of  the  cornea  modified  in  the  manner 
described  above,  as  the  excellent  drawings  given  by  Dr  Thin  in 
Figs.  1,  2  and  3  of  Plate  VIIL  are  very  truthful,  and  agree 
exactly  with  the  cells  described  in  this  paper. 

A  glance  at  Fig.  11,  representing  "  cells  of  the  cutis  of  the 
frog,"  and  at  Fig.  12,  "cells  isolated  from  the  skin  of  the  ox,** 
prepared  by  the  potash  method,  makes  it  difficult  to  doubt  that 
the  cells  are  analogous  structures  to  those  seen  in  the  comese  and 
figured  in  PL  viii..  Figs.  1,  2  and  3 ;  that  is  to  say,  that  they 
also  are  merely  modified  cells  from  the  epithelium  covering  the 
skin. 


ON  THE  STRUCTURE  OF  HYALINE  CARTILAGE. 
By  E.  Cresswell  Babeb,  M.B.  Lond. :  late  Demon- 
etrator  of  Anatomy  at  St  George's  Hospital    (PL  VIII.) 

In  a  recent  number  of  Max  Schultze's  Archiv  far  MikroscO' 
pische  Anatomie^  appears  an  article  by  Dr  Hermann  TiUmanns, 
entitled  **  Contributions  to  the  Histology  of  the  Joints^ "  in 
which  occur  the  following  remarks : — 

^'  The  fibrillation  of  the  ground  substance  of  hyaline  cartilage,  a 
process  which  occurs  so  fr^uently  and  is  pathologically  so  well 
known,  ought  long  ago  to  have  led  to  trying  whether  normal  hyaline 
cartilage  could  be  artificially  fibrillated  by  chemical  reagents.  The 
fact  of  the  pathological  fibrillation  of  cartihige  might  have  led  to  the 
hypothesis,  that  the  homogeneous  hyaline  matrix  consisted  of  carti* 
lage  fibres,  which  were  perhaps  united  by  a  cementing  substance.  The 
next  step,  therefore,  was  to  attempt  the  artificisd  fibi)llation  of 
normal  hyaline  cartilage  by  the  influence  of  chemical  reagents.  And 
I  was  in  fact  successful  in  resolving  hyaline  cartilage  artificially  into 
cartilage  fibres.  If  fresh  normal  cartilage  of  a  dog  or  rabbit  just 
killed  {e,g.  from  the  patella  or  femoral  condyles)  be  placed  for  several 
days  into  a  moderately  strong  solution  of  permanganate  of  potash, 
the  solution  being  changed  several  times  daily,  or  into  10  per  cent, 
solation  of  chloride  of  sodium,  the  homogeneous  hyaline,  previously 
non-fibrillated  ground  substance  of  the  cartilage,  becomes  resolved  into 
separate  fibres  and  bundles  of  fibres,  fibres  that  are  so  like  con- 
nective-tissue fibrils,  that  for  my  own  part  I  am  unable  to  distinguish 
them.  The  process  of  fibrillation  takes  in  from  three  to  seven  days. 
A  necessary  condition  for  the  success  of  the  experiment  is  that  the 
cartilage  be  completely  cleared  of  soft  parts;  bone-substance  can 
remain  attached  to  it,  though  the  best  and  most  reliable  method  is  to 
lay  only  pieces  of  hyaline  cartilage  in  the  above  solutions.  The 
moderately  strong  solution  of  permanganate  of  potash  in  water,  by 
which  I  nnderstand  a  moderately  dark  violet-coloured  (mitteldtunkd- 
vioUtgefSLrhte)  fluid,  must  then  be  changed  daily  four  to  six  times,  or 
oltener.  Before  the  histological  examination  the  cartilage  is  to  be 
thoroughly  washed  in  water.  As  regards  the  preference  of  the  two 
solutions  above  named,  the  10  per  cent,  solution  of  common  salt  is 
decidedly  inferior  to  the  permanganate  of  potash,  the  former  acting 
more  slowly  and  easily  producing  unreliable  appearances.'' 

Tillmanns  goes  on  to  say,  that  the  cell-territories,  into  which  the 
hyaline  matrix  of  cartilage  is  resolved  by  the  action  of  chlorate  of 
potash  and  nitric  acid,  do  not  appear  in  the  fibrillated  matrix.     And 

^  Volume  X.  Part  iv.  p.  401. 
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he  fui'ther  states,  that  by  the  action  of  permanganate  of  potash  the 
cartilage-oells  become  free  and  lie  isohited  between  the  fibres  and  the 
bundles  of  fibres. 

These  extracts  contain  the  substance  of  all  TUlmanns  says 
on  this  subject. 

The  importance  of  these  assertions,  if  confirmed  by  other 
observers,  is  evident,  and  it  is  this  that  has  led  me  to  make 
€he  following  observations  with  a  view  to  either  proving  or 
disproving  their  accuracy.  It  will  be  seen  that  the  only 
indefinite  part  in  Tillmanns'  directions  is  the  strength  of  the 
permanganate  solution.  The  colour  of  this  of  course  varies  ac- 
cording to  the  thickness  of  the  layer  of  fluid  looked  at.  When 
poured  into  a  watch-glass  \  p.  c.  solution  gives  a  ''  moderately 
dark  violet"  colour.  It  was  therefore  with  this  strength  that 
I  commenced,  following  Tillmanns'  directions,  and  with  the 
following  results. 

Observation  1.  June  14th. — Sections  of  the  cartilage  of  the 
head  of  the  tibia  of  a  freshly-killed  frog  were  placed  in  ^  p.  c, 
solution  of  permanganate  of  potash.  Solution  changed  five  or 
six  times  a  day,  and  specimens  microscopically  examined  daily. 
The  cartilage  soon  became  darkly  stained,  and  broke  up  on  the 
slightest  pressure  into  irregular  masses.  JVb  sign  of  any  fibril-^ 
lotion  resembling  that  of  connective  tissue,  June  19th.  It  broke 
up  entirely, 

OhservoMon  2.  June  14th. — Sections  of  the  hyaline  carti- 
lage of  the  condyles  of  the  femur  of  freshly-killed  kitten,  put 
into  i  p.  a  solution  of  the  permanganate.  Solution  changed 
five  or  six  times  a  day,  and  the  specimens  examined  almost 
daily.  They  broke  up  irregularly  on  pressure,  as  in  the  pre- 
ceding instance.    No  appearance  offbriUaiion. 

Observation  3.  June  15th. — Sections  of  cartilage  of  condyles 
of  femur  of  freshly-killed  rabbit,  put  into  i  p.  c  solution  of 
permanganate  of  potafih.  Fluid  changed  five  or  six  times  a 
day,  and  sections  examined  almost  daily  till  June  22nd.  Sec- 
tions broke  up  irregularly  as  in  the  preceding  instance,  and  no 
signs  of  fibrillation  appeared. 

Simultaneously  I  made  the  following  observations  wlih  salt 
solution : — 

Observation  4.   June  14th. — Sections  of  cartilage  of  head  of 
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tibia  of  freshly-killed  frog,  put  into  10  p.  c.  solution  of  chloride 
of  sodiam,  and  examined  June  16th,  17th,  18tb,  19th,  2l8t, 
22nd,  26th,  28th,  and  30th,  and  July  2nd  and  5th,  without  any 
appearance  of  fihriUatiwi. 

Observation  5.  June  14th. — Sections  of  cartilage  of  condyles 
of  femur  of  freshly-killed  kitten,  put  into  10  p.  c.  solution  of 
oommon  salt,  and  examined  June  16th,  17th,  18th,  21st,  22nd, 
26th,  28th,  and  30th,  and  July  2nd.  No  fibrillation  of  the 
matrix  apparent. 

Observation  6.  June  15th. — Sections  of  cartilage  of  con- 
dyles of  femur  of  freshly-killed  rabbit,  put  into  10  p.  c.  solution 
of  common  salt.  Examined  June  16th,  17th,  18th,  19th,  2l8t, 
22nd,  26th,  28th,  and  30th,  and  July  2nd  and  5th,  with  the 
same  negative  result. 

Up  to  this  date  (July  5th)  I  had  therefore  obtained  no 
fibrillation  resembling  that  described  by  Tillmanns  that  I  could 
at  all  attribute  to  the  action  of  the  reagent  Wavy  fibrillation 
was  seen  at  the  edge  of  some  sections  (joint-surface  of  the  car- 
tilage), but  this  did  not  increase  in  extent,  nor  did  I  consider 
it  due  to  the  reagent.  I  was  therefore,  as  may  be  imagined, 
nearly  despairing  of  success,  and  somewhat  at  a  loss  to  reconcile 
my  n^ative  results  with  Tillmanns'  statements;  when,  con- 
siderably to  my  surprise,  I  made  the  following  observation : — 

Ohservoition  5  (continued).  July  5th  (after  21  days  macera- 
tion). Happening  accidentally  to  make  momentary  pressure  on 
the  thin  glass  covering  one  of  the  sections  before  examining  it, 
I  was  astonished  to  find  the  greater  part  of  the  small  specimen 
beautifully  marked  out  by  a  fine,  but  distinct,  parallel  striation. 
I  produced  a  similar  appearance  in  other  sections  by  pressure. 
Whilst  under  examination,  however,  the  striation  disappeared. 
There  was  therefore  no  doubt  that  the  matrix  of  these  sections 
which  I  had  previously  examined  ten  times  (see  above)  amd  see^i 
to  be  hyaline — not  fibrHkUed — in  appeara/nccy  had  suddenly  he- 
cojne  distinctly  fibriUated.  No  fibrillation  was  seen  without 
pressure.  The  same  absence  of  fibrillation  without  pressure, 
and  its  appearance  on  pressure,  were  observed  on  July  6th, 
7th,  10th,  and  13th.  Observations  4  and  6  were  proceeded 
with  as  follows: — 

Observation  4  (continued).    July  6th. — Matrix  hyaline,  no 

8—2 
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fibrillation  produced  by  pressure.  July  10th  and  12th.  A  few 
cracks  seen,  but  no  distinct  fibrillation,  with  or  without  pressure. 
July  13th.  Distinct  fibrillation  seen  without  pressure  having 
been  applied  knowingly.  Slight  movement  of  the  cover-glass 
caused  the  fibrillation  to  disappear,  nor  was  it  reproduced  by 
pressure.  In  the  greater  part  of  these  sections  .the  cartilage- 
cells  were  far  apart,  and  some  calcareous  deposit  had  taken 
place.  In  one  small  piece,  however,  in  which  the  cells  were 
closer  together  and  in  which  there  was  no  deposit,  pressure 
shewed  (on  July  14th)  fine  fibrillation,  not  visible  before  the 
pressure  was  applied.  Short  application  of  continuous  pressure 
produced  partial  fibrillation  in  the  part  where  the  calcareous 
deposit  had  occurred.  Pressure  applied  on  July  22nd  to  a 
section  produced  partial  fibrillation,  but  not  more  than  on  the. 
last  occasion. 

Observation  6  (continued).  July  5th,  6th,  10th,  13th  and 
16th. — ^Fibrillation  was  produced  by  pressure  in  the  previously 
to  all  appearance  hyaline  matrix.  July  24th.  A.  section  was 
examined  and  considerable  pressure  was  required  to  produce 
fibrillation  in  it. 

For  convenience  it  may  be  advisable  to  give  the  rest  of  my 
observations  with  10  p.c.  salt  solution  at  this  place,  before 
detailing  those  with  other  solutions. 

Observation  7.  June  26th.  —  Cartilaginous  expansion  of 
shoulder-girdle  of  freshly-killed  newt  (partly  deprived  of  its 
perichondrium),  put  into  10  p.  c.  solution  of  common  salt. 
Examined  June  30th,  July  1st,  2nd,  3rd  and  5th  without  pros* 
sure,  and  on  July  5th,  lOtb,  13th,  16th,  21st,  22nd,  23rd  with 
pressure.  On  none  of  these  occasions  could  fibrillation  be 
detected  with  or  without  the  application  of  pressure.  But  after 
a  time  firm  pressure  caused  the  matrix  to  break  up  irregularly, 
allowing  the  cells  to  escape  into  the  surrounding  fluid. 

Thinking  that  this  property  of  the  matrix  of  hyaline  carti- 
lage of  splitting  up  into  fibres,  might  be  confined  to  the  carti- 
lage of  joints,  and  that  here,  as  it  were,  the  fibrils  of  connective 
tissue  were  continued  into  the  matrix,  I  experimented  with 
costal  cartilage,  with  the  following  results  :^— 

Observation  8.  July  12th. — Longitudinal  and  transverse 
sections  of  costal  cartilage  of  a  freshly-killed  kitten,  placed  in 
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10  p.  c.  salt  solution.  Examined  at  once,  with  and  without  pres- 
sure, and  shewed  a  matrix  slightly  granular,  bul  presenting  no 
fibrillation.  July  14th  and  16th.  The  same  appearances. 
July  20tlL  Doubtful  fibrillation  was  seen  in  a  longitudinal 
section.  Jully  22nd.  Fibrillation  observed  in  a  longitudinal 
section  on  pressure — ^none  in  a  transverse  section.  July  24th. 
Fibrillation  seen  in  both  longitudinal  and  transverse  sections  on 
pressure. 

The  two  following  complete  the  observations  with  10  p.  c. 
salt  solution. 

ObserucUion  9.  July  12th. — ^The  sections  and  fluid  are  the 
same  as  in  Obs.  5.  July  16th  (after  four  days  maceration). 
Partial  fibrillation  was  plainly  seen  in  one  section  on  pressure. 
Jaly  21st  (nine  days  maceration).  Perfect  fibrillation  appeared 
in  one  specimen  on  pressure. 

Observation  10.  July  12th. — Sections  of  cartilaginous  head 
of  femur  of  freshly-killed  kitten,  placed  in  10  p.  c.  solution  of 
chloride  of  sodium.  Examined  and  seen  to  consist  of  hyaline 
cartilage,  with  a  slightly  granular  matrix.  July  16th.  No 
fibrillation  visible  with  or  without  pressure.  July  23rd.  Pressure 
produced  well-marked  fibrillation  which  could  be  seen  running 
up  among  cartilage-cells.  July  24th  and  27th.  Fibrillation 
again  produced  by  pressure. 

Above  I  have  given  merely  the  outlines  of  these  observations 
with  the  results  obtained,  proposing  now  to  give  some  particulars 
concerning  the  fibrillation  observed  and  the  manner  in  which 
it  was  obtained.  These  remarks  refer  only  to  the  experiments 
with  10  p.  e.  salt  solution. 

First,  with  regard  to  the  method.  The  time  required  for  the 
maceration  appears  to  vary  somewhat ;  the  earliest  fibrillation 
I  observed  was  after  four  days  maceration  (Obs.  9),  and  in  this 
instance  it  was,  although  imperfect,  distinctly  recognizable. 
It  would,  however,  appear  that  from  a  week  to  a  fortnight  is 
the  average  time  required  for  maceration.  The  macerated  section 
may  be  placed  in  a  drop  of  the  salt  solution  on  a  slide. 
Moderately  firm  pressure  is  then  applied  for  a  moment  ^  (e,  g. 

^  Continaons  pressure  with  a  spring-olip  has  heen  tried  several  times,  but  was 
of  no  special  advantage.  Throughout  the  rest  of  this  paper  the  term  "pressure" 
is  used  to  signify  pressure  applied  for  a  few  moments,  unless  the  contrary  be 
specified. 
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with  the  point  of  a  needle)  on  the  cover-glass  over  the  specimen 
and  the  same  immediately  examined  with  a  high  powar  (e.  jr* 
Y^rick.  No.  8).  In  some  portion,  often  a  large  part,  of  the  section, 
fibrillation  will  probably  be  seen.  If  not,  the  pressure  may 
have  been  insufficient  or  too  great ;  in  the  latter  case  slightly 
raising  the  cover-glass  with  a  needle  frequently  brings  the 
fibrillation  into  view.  Whilst  under  examinatioo,  perhaps  a 
minute  after  the  pressure  was  applied,  the  section  may  swell 
up,  present  the  appearance  of  a  wave  passing  over  it,  and  the 
fibrillation  entirely  disappear,  but  may  again  be  produced  by 
pressure.  After  this  has  been  repeated  several  times,  pressure 
no  longer  brings  the  fibrillation  into  view.  If  the  pressure  have 
been  sufficient  to  prevent  the  cartilage  from  recovering,  by  its 
natural  elasticity,  its  hyaline  condition,  the  appearance  of  fibril- 
lation, of  course  remains,  and  the  specimen  may  be  permanently 
preserved  by  irrigating,  first  with  distilled  water,  and  then 
with  a  nearly  saturated  solution  of  acetate  of  potash,  and 
finally  sealing  with  balsam  solution  or  dammar  vamish«  During 
this  process  it  is  important  not  to  move  the  cover-glass  at  all, 
as  by  a  slight  shifting  of  it  I  have  several  times  entirely  lost 
the  fibrillation.  In  one  observation  only  (Obs.  4)  did  I  observe 
distinct  fibrillation  without  pressure  being  applied.  In  all  the 
hyaline  cartilages  examined,  with  one  exception,  I  have  ob- 
tained the  fibrillation  of  the  matrix.  Its  non-appearance  in 
the  shoulder-girdle  of  the  newt  is  curious;  though  I  can 
scarcely  regard  this  point  as  settled,  for  I  macerated  and 
examined  only  one  specimen.  As  regards  the  appearance  pre- 
sented by  the  fibrillation,  the  latter  appears  either  complete  or 
incomplete,  both  forms  commmonly  occurring  in  the  same 
specimen.  When  complete  it  consists  of  a  very  fine  but  dis- 
tinct, more  or  less  parallel  and  wavy,  striation,  which  can  be 
traced  to  pass  above  or  beneath  each  cartilage-cell,  as  the  case 
may  be.  In  fig.  1,  taken  from  the  femoral  condyles  of  the 
kitten,  the  fibrillation  appears  nearly  complete.  Not  uncom- 
monly incomplete  fibrillation  presents  the  appearance  seen  in 
figs.  2  and  3,  where  the  striae  run  principally  from  cell  to  cell 
or  run  out  for  a  short  distance  on  one  or  on  both  sides  of  a  cell. 
The  strisG  can  in  this  case  also  always  be  followed  either  under 
or  over  each  cell.     It  appears  to  me  not  improbable  that  this 
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appearance  (see  figs.  2  and  S)  is  produced  in  the  following 
manner :  Assuming  the  cartilage-cells  to  he  m^wo  pesifitaat  than 
the  matrix,  or  at  any  rate  to  have  become  so  by  the  maceration 
— a  fact  which  seems  to  me  probable  from  their  comportment 
in  Obs.  7,  where  the  matrix  broke  up  under  pressure  and  allowed 
the  cells  to  escape  intact  into  the  surrounding  fluid — ^then 
those  portions  of  the  matrix  which  are  situate  under  and  over  a 
cell  will  necessarily,  on  pressure  being  applied  to  the  section, 
be  subject  to  greater  compression  than  the  matrix  in  other 
parts,  and  it  is  here,  therefore,  that  the  fibrillation  first  appears. 
In  incomplete  fibrillation  the  striae  are  not  uncommonly  seen 
running  at  an  angle  to  one  another.  As  regards  the  direction  of 
the  fibrillation,  I  have  very  commonly  found  it  in  the  cartilage 
of  joints  run  more  or  less  at  right  angles  to  the  edge  of  the 
section  (i.e.  the  joint-surface  of  the  cartilage),  and  have  here 
seen  it  continuous  with  the  fibrillation  normally  existing  there* 
In  longitudinal  sections  of  costal  cartilage  I  found  the  fibril- 
lation running  principally  parallel  to  the  long  axis  of  the 
cartilage.  In  the  transverse  sections  of  this  cartilage,  on  the 
other  baud,  the  fibrillation  ran  in  many  different  directions. 

Having  therefore  obtained  these  results  with  salt  solution  I 
naturally  supposed  that  my  failures  in  Obs.  1,  2,  and  3  were  due 
to  some  error  in  the  mode  in  which  they  were  conducted,  and 
concluded  that  by  varying  the  strength  of  the  solution  of  per* 
manganate  I  should  probably  be  more  successful.  I  therefore 
made  the  following  observations — as  will  be  seen,  however,  with 
only  very  partial  success : — 

Observation  11.  June  26th. — Cartilaginous  expansion  of 
shoulder-girdle  of  freshly-killed  newt,  put  into  ^  p.  c.  solution  of 
permanganate  of  potash,  the  perichondrium  having  been  partly 
removed.  Fluid  changed  five  or  six  times  daily,  and  specimen 
examined  every  day  till  it  broke  up  and  became  too  opaque  to 
be  examined  (July  4th).     No  fibrillation  visible. 

Observation  12.  June  26th. — Ditto,  put  into  \  p.  c.  solution 
of  the  permanganate.  Fluid  changed  five  or  six  times  a  day/ and 
specimen  examined  daily  till  July  2nd,  when  it  because  too 
opaque.    No  fibrillation  visible. 

Observation  13.  June  26th. — ^A  similar  specimeif  put  into 
I  p.  c.  solution  of  permanganate  of  potash.    Fluid  changed  five 
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or  six  times  a  day.    Specimen  examined  daily  till  too  opaque 
(June  29th).    No  fibrillation  tfisMe. 

ObservaMon  14.  Jime  28tli. — Sections  of  condyles  of  femur 
of  freshly-killed  rabbit,  placed  in  J  p.  c.  solution  of  perman- 
ganate of  potash.  Fluid  changed  five  or  six  times  a  day,  and 
specimens  examined  daily  till  they  broke  up  and  became  too 
opaque  for  examination  (July  4th).    NofibriUaMon  observed. 

Observation  15.  June  28th. — Similar  sections,  put  into  J 
p.  c.  permanganate  solution,  and  examined  daily  till  July  7th. 
Fluid  changed  five  or  six  times  daily.    No  fibrillation  visible. 

Observation  16.  June  28th. — Similar  sections,  placed  in  ^ 
p.c.  solution  of  permanganate.  Fluid  changed  five  or  six  times  a 
day,  and  specimens  examined  daily  till  July  7th,  on  which  day 
traces  of  fibrillation  were  observed  in  one  section.  None  could 
be  seen  in  other  sections.  I  could  not  be  certain  of  any  fibril* 
lation  at  any  other  examination. 

Observation  17.  June  30th. — ^Some  sections  were  removed 
from  the  preceding  fluid  and  placed  in  ^  p.  c.  solution  of  the  per- 
manganate. Fluid  changed  five  or  six  times  a  day,  and  specimens 
examined  daily  till  July  7th.    No  distinct  fibrillation  visible. 

Having  made  these  observations  with  this  negative  result  I 
made  the  following,  using  still  weaker  solutions  of  the  mace- 
rating fluid.  Id  these  I  did  not  change  the  fluid  as  above,  but 
thought  the  deoxidation  of  the  solution  to  any  extent  might 
be  prevented  by  putting  the  sections  into  bottles  containing 
a  considerable  quantity  of  the  fluid  (about  100  cc.)  and  closing 
the  same  tightly. 

Observation  18.  July  12th. — Transverse  and  longitudinal 
sections  of  costal  cartilage  of  freshly-killed  kitten,  put  into  ^ 
p.  c.  solution  of  permanganate.  Fluid  changed  on  July  15th. 
Sections  examined  daily  till  July  16th,  and  no  fibrillation  ob- 
served. Pressure  made  them  break  up  irregularly.  Examined 
July  20th  and  22nd,  and  each  time  a  trace  of  fibrillation  was 
seen  in  a  longitudinal  section. 

Observation  19.  July  12tlL — Sections  of  femoral  condyles 
of  freshly-killed  kitten,  put  into  ^  p.  c.  solution  of  perman* 
ganate,  and  examined  daily  till  July  16th.  On  July  15th, 
pressure  being  applied,  distinct  fibrillation  was  seen  in  two 
sections,  but  it  almost  immediately  disappeared,  and  could  not 
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1)6  produced  again.  On  July  16th  a  similar  appearanoe  pre- 
sented itself  in  one  section,  but  could  not  be  observed  in  any 
other.  July  20th.  No  fibrillation  to  be  seen.  July  22nd.  The 
sections  broke  up  without  any  fibrillation  appearing. 

Observation  20.  July  12tlL — Similar  sections  placed  in  ^ 
p.  a  permanganate  solution  and  examined  daily  till  July  16tli. 
Fluid  changed  on  the  evening  of  the  12th  (as  it  was  turning 
colour  slightly),  and  again  on  July  15th.  July  15th.  Slight 
fibrillation  seen  in  one  section  on  pressure.  It,  however,  almost 
immediately  disappeared,  and  could  not  be  reproduced.  None 
seen  in  other  sections.  July  22nd.  Slight  trace  of  fibrillation 
seen  in  one  section. 

This  completes  my  experiments  with  permanganate  of  pot- 
ash. The  results  (with  solutions  of  the  above  strengths)  are 
seen  to  be  very  uncertam  and  inferior  to  those  obtained  with 
10  p.  c.  solution  of  common  salt,  though  there  is  no  doubt  that 
permanganate  of  potash  can  produce  a  fibriUation  similar  to 
that  above  described.  The  results  when  the  fluid  was  fre- 
quently changed — ^a  point  insisted  on  by  Tillmanns— were  no 
better  than  when  this  trouble  was  not  taken. 

Baryta- water  and  lime-water,  being  also  commonly  in  use 
for  macerating  fibrous  tissue,  might  naturally  be  expected  to  be 
serviceable  in  fibrillating  hyaline  cartilage.  I  therefore  made 
the  following  observations  with  them : — 

ObservaUon  21.  June  26th. — Two  cartilaginous  expansions 
of  shoulder-girdle  of  freshly-killed  newt  placed  in  baryta- water. 
The  one  cleared  of  perichondrium,  the  other  not.  Examined 
June  27th  and  28th.  Much  crystalline  deposit  on  the  speci- 
mens. Ground  substance  perfectly  clear.  No  fibrillation  visible, 
June  29th.  Specimens  lost  in  the  deposit.  The  surface  of  the 
fluid  became  covered  with  a  white  scum,  which  fell  to  the 
bottom  and  produced  white  flakes,  among  which  it  was  im- 
possible to  find  the  specimens.  In  the  two  following  experi- 
ments this  was  prevented  by  putting  the  fluid  in  a  test-tube 
and  inserting  a  plug  of  calico  into  it  under  the  surface  of  the 
liquid.  When  this  was  taken  out  the  scum  was  removed  with 
it,  and  the  sections  could  thus  be  kept  tolerably  free  from 
crystala 

Observation  22.    July  12th. — Longitudinal  and  transverse 
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flections  of  costal  cartilage  of  kitten  placed  in  baryta-water.' 
July  16th.  Matrix  clear.  No  fibrillation  with  or  without 
pressure.  July  20th.  Same  appearance ;  the  sections  became 
soft  and  elastic,  and  much  pressure  broke  them  up  irr^ularly. 
July  27th.    Same  appearance.    Sections  scattered  with  ciystals. 

Observation  23.  July  12th. — Sections  of  femoral  condyles  of 
freshly-killed  kitten  placed  in  baryta-water.  Examined  July 
16th,  20.th,  27th.    No  fibrillation  visible. 

Observation  24.  August  3rd.  Sections  of  femoral  condyles 
of  freshly-killed  kitten  put  into  lime-water.  Examined  August 
4th  (after  30  hours'  maceration).  Without  pressure  no  fibrilla- 
tion visible.  With  firm  pressure  well-marked  fibrillation  seen, 
both  partial  and  complete.  Aug.  5th.  Firm  pressure  produced 
the  same  effect.  Aug.  6th,  7th,  and  9th.  Without  pressure 
some  partial  fibrillation  seen.  Aug.  9th.  Firm  pressure  pro- 
duced considerable  fibrillation,  as  on  Aug.  5th.   Matrix  granular. 

Observation  25.  Aug.  3rd. — ^Longitudinal  section  of  costal 
cartilage  of  freshly-killed  kitten  placed  in  lime-water.  Aug.  4th. 
No  distinct  fibrillation  observed  with  or  without  pressure. 
Aug.  5th.  Extensive  fibrillationj  often  very  perfect  (see  fig.  4), 
brought  out  by  pressure,  which  required  to  be  rather  firm. 
Aug.  6th.  One  section  shewed,  without  pressure,  fibrillation 
running  transversely,  and  principally  from  cell  to  cell.  Slight 
pressure  caused  this  to  disappear,  and  firm  pressure  brought  a 
quantity  of  very  fine  longitudinal  fibrillation  into  view.  Another 
section  shewed  no  fibrillation  without  pressure,  but  it  appeared 
on  pressure. 

Thus,  baryta-water,  whether  followed  by  pressure  or  not, 
proved  ineffective  in  producing  fibrillation  of  the  matrix  of 
hyaline  cartilage. 

Lime-water,  as  has  been  shewn,  produces  fibrillation  in  the 
matrix  when  combined  with  pressure;  without  pressure,  it  occa- 
sionally does  the  same,  though  less  constantly,  and  in  a  less 
complete  manner.  Formation  of  crystals  in  the  lime-water 
may  be  prevented  to  a  great  extent  by  putting  it  into  small 
tightly-corked  bottles;  it  is,  however,  advisable  to  wash  the 
sections  in  distilled  water,  before  examining  them,  in  a  drop  of 
that  fluid.  A  specimen  in  which  fibrillation  has  been  produced 
by  pressure  and  is  seen  to  remain,  may  be  mounted  perma- 


THE  STBUCrtJRE  OF  HY ALIKE  CARTILAGE.  12S 

nently  in  acetate  of  potash  solution,  in  the  ihanner  above 
described.  lime-water  has  the  advantage  over  10  p.  c.  salt 
solution  in  producing  the  required  effect  more  rapidly,  and  the 
fibrillation  when  once  produced  seems  to  have  less  tendency  to 
disappear.  I  may  remark  that  costal  cartilage  appears  to  re- 
quire longer  maceration  both  in  lime-water  and  in  10  p.  c.  salt 
solution  (compare  Obs.  8  and  9,  and  Obs.  24  and  25)  than 
the  cartilage  of  the  femoral  condyles.  As  regards  the  salt,  the 
question  might  naturally  suggest  itself,  whether  it  is  necessary 
that  the  solution  should  be  so  strong  as  10  p.  c.  This  question 
is  plainly  answered  in  the  negative  by  the  following  obser- 
vation : — 

Observation  26.  Aug.  3rd. — Sections  of  the  femoral  con- 
dyles of  a  fireehly-killed  kitten,  placed  in  }  p.  c.  solution  of 
chloride  of  sodium.  Aug.  4tlL  In  a  section  placed  under  con- 
tinuous pressure  for  some  hours,  imperfect  fibrillation  was  seen, 
but  by  prolonging  this  pressure  it  disappeared.  Aug.  9th.  Ma- 
trix appeared  granular,  and  a  few  cracks  only  were  visible  in  it. 
On  pressure  abundant  fibriUaiion  appeared,  which  could  be 
preserved  as  above  described  in  acetate  of  potash  solution. 
There  is  therefore  no  necessity  that  the  salt  solution  should  be 
so  strong,  for  fibrillation  appears  to  be  equally  easily  produced 
by  a  solution  containing  only  ^  p.  c.  of  the  salt. 

This  observation  seems  to  me  to  explain  the  occurrence  of 
physiological  fibrillation  of  the  matrix  on  the  free  surface  of 
the  hyaline  cartilage  of  joints.  For  the  cartilage  is  here  bathed 
by  synovial  fluid  (which  being  ''a  transudation  from  the 
blood-vessels"  according  to  Tillmanns  {I,  c.  p.  437)  must  conse- 
quently contain  Na  CI.),  and  pressure  is  applied  to  it  by  the 
contact  of  the  opposing  joint-surfaces. 

To  sum  up  shortly:  From  the  above  observations  I  feel 
justified  in  drawing  the  conclusion  that  fibrillation  of  the  pre* 
viously  homogeneous  matrix  of  normal  hyaline  cartMage  can  be 
artificially  produced  in  many  instances.  I  have  shewn  this  to 
be  the  case  in  the  cartilage  of  the  head  of  the  tibia  of  frog,  the 
condyles  and  head  of  femur  and  costal  cartilage  of  kitten,  and 
the  condyles  of  femur  of  rabbit.  In  fact,  in  all  I  have  ex- 
amined, with  the  solitary  exception  of  the  shoulder-girdle  of 
the  newt.     These  appearances  lead  me  to  conclude,  with  Till- 
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maims,  that,  bx  these  cases  at  least,  ihe  hyaline  matrix  is  mad^ 

wp  offinejibrils,  cartUage-JibreSy  held  together  by  an  interJibriUar 

cement-siAgtance,  which  can  be  dissolved  by  certain  reagents. 

As  regards  these  reagents,  my  results  differ  materially  from 

those  of  Tillmanns.    This  observer  finds  10  p.  c  salt  solution 

far  inferior  to  solution  of  permanganate  of  potash,  and  it  is 
the  latter  that  he  recommends.    /,  on  the  contraiy,  find  the 

effects  of  tiie  pemumganate  solution  (in  the  strengths  thai  I  have 

employed)  very  slight  and  tmcertain,  whereas  I  can  readily  pro* 

duce  the  required  effect  by  soltition  of  common  salt  (both  ^  and 

10  p.  c.)  or  by  lim^water,  in  either  case  followed  by  pressure. 

Should  all  three  methods  be  found  by  further  experience 
to  give  equally  good  results,  the  one  acting  most  expeditiously 
and  involving  least  trouble  (which  seems  to  me  to  be  the  lime* 
water  method)  will  probably  be  the  one  made  use  of  to  demon- 
strate this  important  fact  in  normal  histology. 

In  conclusion,  I  would  offer  my  best  thanks  to  Dr  Klein, 
under  whose  directions  the  above  observations  were  made. 


Addendum. — ^I  have  recently  had  the  opportunity  of  ascer- 
taining that  also  in  newts'  cartilage  fibrillation  of  the  ground 
substance  may  be  produced  by  lime-water. 

The  following  are  the  observations : — 

Observation  27.  Aug.  5th. — Cartilaginous  expansion  of 
shoulder-girdle  of  freshly-killed  newt  (partly  cleared  of  peri- 
chondrium) placed  in  lime-water.  Aug.  6th.  No  fibrillation  of 
matrix  visible  with  or  without  pressure.  Aug.  7th.  No  fibril- 
lation  observed.  Aug.  9th.  WeU-m^irked  fihrUlation  of  the 
previously  homogeneous  matrix  obtained  by  firm  pressure. 

Observation  28.  Aug.  7th. — Similar  specimens  placed  in 
lime-water.  Aug.  9th.  Extensive  fibrillation  was  seen  without 
pressure  in  several  specimens.  The  fibrillation  of  the  matrix  in 
these  specimens  is  fine  and  wavy,  and  appears  to  run  princi- 
pally from  cell  to  celL  It  can,  as  in  other  cartilages,  be  traced 
to  pass  .either  under  or  over  each  cell  Some  parts  of  these 
specimens  show  cracks,  which  apparently  mark  out  the  matrix 
more  or  less  completely  into  the  well-known  cell-territories. 
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I  can  therefore  now  say  that  I  have  been  able  to  obtain  the 
fibrillation  of  the  matrix  of  hyaline  cartilage  in  cUl  the  instances 
in  which  I  have  searched  for  it. 

Since  the  above  was  written^  I  have  also  succeeded  in  ob« 
taining  fibrillation  of  the  matrix  of  hyaline  cartilage  by  means 
of  baryta-water.  The  failure  in  the  above  observations  is  owing 
to  the  specimens  having  been  macerated  too  long  before  micro- 
scopical examination.  The  observations  shewing  this  were  as 
follows : — 

Observation  29.  Cartilaginous  expansions  of  shoulder-girdle 
of  freshly-killed  newt  placed  in  baryta- water,  after  being  partly 
cleared  of  perichondrium.  Examined  after  four  hours'  macera- 
tion^ they  sbewed  no  fibrillation  of  the  matrix,  with  or  without 
the  application  of  pressure.  The  period  of  maceration  was 
therefore  still  too  long. 

Observation  30.  Similar  specimens  macerated  in  baryta- 
water  for  about  one  hour.  They  shewed  fibrillation  of  the 
matrix  resembling  that  in  Obs.  27  and  28.  Pressure  was  not 
always  required  to  bring  this  into  view. 

Observation  31.  Sections  of  the  femoral  condyles  of  a 
freshly-killed  rabbit  placed  in  baryta-water,  and  examined  after 
maceration  for  periods  of  i,  J,  1, 1^,  2,  and  3  hours  respectively. 

In  aU  these  specimens  well-marked  fibrillation  was  seen 
after  pressure  had  been  applied.  Occasionally,  however,  it  was 
observed  without  the  application  of  pressure.  After  maceration 
for  only  \  hour,  followed  by  the  application  of  pressure,  some 
fibrillation  was  also  seen. 

Baryta^water  therefore  offers  the  most  rapid  method  of  re- 
solving the  matrix  of  hyaline  cartUage  into  its  constituent  fibres. 
The  method  o{  procedure  for  preparing  and  mounting  is  the 
same  as  with  lime-water  (vide  page  122),  and  the  fibrillation 
obtained  does  not  appear  to  differ  from  that  produced  by  the 
latter  reagent. 

EXPLANATION  OF  PLATE  VIIL 

Fiffure  1.  Hyaline  cartilage  of  femoral  condyles  of  kitten,  shewing 
almost  complete  fibrillation  of  the  matrix.  After  22  days  maceration  in 
10  p.  c  solntion  of  common  salt  and  subsequent  pressure.    V^rick.  No.  S. 

OCL 
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JF%irur€%  Hyaline  cartibge  of  femoral  oond^es  of  rabbit,  shewing 
fMrtial  fibrillation  (xf  matrix.  Treated  by  maceration  in  10  p.  c.  salt  solu- 
tion and  Bobseqaent  preasare.    Obj.  8.  Ogl  l 

Figure  3.  Another  portion  of  the  same  specimen  as  precediDg,  pre- 
senting rather  a  different  appearanca    Obj.  8.  Oc.  l 

Figure  4.  Longitudinal  section  of  costal  cartilage  of  kitten  macerated 
for  48  honn  in  lime-water  and  snlnected  to  pressore,  shewing  complete 
fibrillation  of  the  matrix.  The  cartilage-cells  are  seen  altered  by  the  lime- 
water.     Olg.  8.  0&  L 


EniTOBUL  Non. — ^ICany  yean  ago  Dr  Leidy,  an  American  histoiogist, 
described  the  fibrillar  stmetnre  of  the  matrix  of  hyaline  cartilage.  The  late 
Prof.  GoodsiT,  about  twenty  years  ago,  repeated  Leidy's  obeerrations,  and  gave 
to  the  writer  of  this  note  a  demonstration  of  the  stmcture  as  seen  in  a  thin 
section  of  the  encrusting  cartilage  of  the  human  femur,  which  had  been  ma- 
eerating  for  some  weeks  in  water-   (W.  T.) 


ON  THE  STRUCTURE  OF  THE  DIFFUSED,  THE 
POLYCOTYLEDONARY  AND  THE  ZONARY  FORMS 
OF  PLACENTA*.    By  Pbof.  Tukneb. 

Ik  all  inquiries  into  the  anatomy  of  the  Placenta,  two  series  of 
structures  have  to  be  investigated,  the  one  belonging  to  the  foetus, 
the  foGftal  placenta,  the  other  to  the  mother,  the  maternal  pla- 
centa. The  placenta  is  therefore  a  compound  organ,  and  the 
complexity  of  its  structure  in  any  given  mammal  is  in  propor- 
tion to  the  degree  in  which,  in  the  course  of  its  development 
and  growth,  the  originally  separable  foetal  and  maternal  por- 
tions have  become  interlaced  with  each  other. 

The  foetal  placenta  and  membranes,  continuous  with  and 
derived  frona  the  germinal  layers  of  the  embryo,  consist  of  the 
membranous  sacs,  known  as  the  umbilical  vesicle,  the  allantois, 
the  amnion,  and  the  secondary  or  persistent  chorion.  The  per- 
sistent chorion,  with  the  villi  growing  from  it,  forms  the  foetal 
placenta  properly  so  called.  It  is  the  outer  envelope  of  the 
foetus  and  is  the  medium  of  connection  with  the  maternal 
placenta.  There  are  four  structures,  of  which  one  is  developed 
at  the  periphery  of  the  ovum,  whilst  the  remaining  three 
ultimately  reach  the  periphery,  which  from  their  position  may 
enter  into  the  formation  of  the  persistent  chorion :  viz.  the  zona 
pelludda,  the  subzonal  membrane,  the  allantois,  and  the  umbi- 
lical vesicle.  The  structureless  zona,  with  its  simple  structure- 
less villi,  which  together  form  the  primitive  chorion,  very  early 
disappears,  either  by  becoming  incorporated  with  the  subzonal 
membrane,  so  as  no  longer  to  be  recognised  as  an  independent 
membrane,  or  by  becoming  absorbed.  The  subzonal  mem- 
brane, or  serous  envelope  of  the  ovum  of  Von  Baer,  originally 
continuous  with  the  amniotic  folds,  and  through  them  with 
the  epiblast  layer  of  the  blastoderm,  persists,  and  forms  the 
external  or  epithelial  non-vascular  layer  of  the  persistent 
chorion,  and  of  the  villi  which  grow  from  it.     The  allantois 

>  This  Memoir  contains  the  sabstance  of  a  course  of  three  Lectures,  on  the 
ComparatiYB  Anatomy  of  the  Placenta,  delivered  June  14th,  15th,  16tb,  1875, 
in  the  Theatre  of  the  Boyal  College  of  Surgeons  of  England. 
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grows  and  expands  so  as  to  come  into  intimate  relation  witli 
the  whole  or  the  greater  part  of  the  inner  surface  of  the  sub- 
zonal  membrane^  and  conveys  to  it^  from  the  mesoblast  layer 
of  the  embryo,  the  connective  tissue  and  blood-vessels,  which 
fom  the  inner  or  vascular  layer  of  the  persistent  chorion,  and 
the  vascular  matrix  of  the  villi.  In  most  mammals  the  umbi- 
lical vesicle  takes  no  part  in  the  formation  of  the  permanent 
chorion,  but  in  the  Sodentia  it  expands,  reaches  and  remains  in 
contact  with  a  limited  portion  of  the  subzonal  membrane,  to 
which  it  conveys  connective  tissue  and  blood-vessels.  The  per- 
sistent chorion,  therefore,  is  a  compound  membrane,  produced 
by  the  union  of  the  subzonal  membrane,  from  which  its  epithe- 
lial layer  is  derived,  with  the  allantois  from  which  it  derives 
its  blood-vessels  and  connective  tissue. 

The  maternal  placeuta  is  formed  by  the  mucous  membrane 
lining  the  uterus,  in  which  important  changes  occur  during 
pregnancy.  This  membrane  in  the  non-gravid  state  is  covered 
on  its  free  surface  by  a  ciliated  columnar  epithelium.  Beneath 
the  epithelium  is  the  sub-epithelial  connective  tissue,  which 
contains  a  very  large  proportion  of  fusiform,  ovoid  and  spherical 
corpuscles.  In  this  tissue  the  blood-vessels,  lymph-vessels,  and 
nerves  of  the  mucosa  ramify,  and  in  it  lie  the  utricular  glands. 
The  glands  of  the  mucosa  are  branching  tubes,  which  lie,  more 
or  less,  perpendicularly  to  the  plane  of  the  surface  of  the  mem- 
brane, and  are  separated  from  each  other  by  the  interglandular 
corpusculated  connective  tissue,  the  proportion  of  which  between 
any  two  glands  is  often  not  more  than  equal  to  the  transverse 
diameter  of  a  gland,  though  at  others  its  amount  is  considerably 
greater.  The  epithelial  lining  of  the  glands,  as  was  first  de- 
monstrated by  Nylander  and  Leydig  in  the  pig^  and  as  has 
subsequently  been  ^own  by  Lott'  in  various  other  mammals, 
is  columnar  and  ciliated. 

When  the  fertilized  ovum  is  received  into  the  cavity  of  the 
uterus  the  mucosa  undergoes  important  changes.  It  swells  up, 
becomes  thicker,  softer,  and  more  vascular.  Its  epithelial 
covering  usually,  though  not  always,  loses  its  columnar  form ; 
its  glands  enlarge  throughout  their  entire  length:  the  inter- 

1  MliUer'g  Archiv,  1S52. 

*  Strioker*8  Handtmch,  ariiole  UUruM, 
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glandalar  tissue  increases  largely  and  rapidly  in  quantity,  by  a 
multiplication  not  only  of  the  cells  of  the  surfiaoe-epithelium, 
but  by  a  proliferation  of  the  corpuscles  of  the  sub-epithelial 
connectiye  tissue,  so  that  the  glands  are  separated  from  each 
other  by  a  much  greater  amount  of  interglandular  tissue  than 
in  the  non-giayid  state ;  the  blood-yessels  not  only  increase  in 
numbers  but  in  size.    At  the  same  time  the  free  sur£GU»  of  the 
mucosa  is  perforated  by  multitudes  of  small  openings,  easily  to 
be  seen  with  a  pocket-lens.     Those  openings  lead  into  depres- 
sions in  the  swollen  mucous  membrane,  which  are  usually 
regarded  as  the  dilated  mouths  of  the  tubular  glands,  but 
which,  as  I  shall  show  in  this  memoir,  are  the  mouths  of  crypt- 
like depressions  situated  in  the  interglandular  part  of  the 
mucous  membrane.     These  crypts  are  for  the  lodgement  of 
the  villi,  which  project  from  the  outer  surface  of  the  persistent 
chorion.    As  the  area  of  distribution  of  the  villi  on  the  chorion 
varies  very  considerably  in  extent  in  different  forms  of  pla- 
centa^ the  distribution  of  these  crypts  in  the  uterine  mucosa 
necessarily  also  varies ;  for  the  crypts  and  the  villi  are  corre- 
lated with  each  other. 

The  arrangement  and  structure  of  the  placenta  in  those 
animals  ia  which  it  is  said  to  be  diffused  will  first  engage 
our  attention. 

The  Diffused  Placenta. — In  the  diffused  placenta  the 
villi  are  distributed  over  almost  the  entire  outer  surface  of 
the  chorion,  and  the  uterine  crypts  exist  in  a  corresponding 
area  of  the  mucous  membrane.  This  form  of  placenta  is  found 
in  the  Pigs,  the  Solipeds,  the  Cetctcea,  in  ManiSy  the  Camelidm^ 
the  TroffulidoB,  the  Tapir,  the  Hippopotamus,  and,  in  all  proba- 
bility, the  Rhinoceros. 

I  shall  commence  by  describing  the  structure  of  the  jdacenta 
as  I  have  myself  observed  it  in  the  common  Pig,  and  shall  in 
the  first  place  speak  of  the  foetal  placenta.  The  surfisuse  of  the 
chorion  of  a  pig,  where  the  embryo  was  1*3  inch  long,  was 
traversed  by  multitudes  of  feeble  ridges,  visible  under  low 
powers  of  the  microscope,  but  no  true  villi  could  be  seen.  A 
distinct  and  compact  capillary  plexus  was  present  both  in  the 
ridges  and  intermediate  parts  of  the  chorion.  In  the  ridges 
VOL.  X.  •  9 
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the  plexus  was  elongated,  but  it  formed  a  polygonal  network  in 
the  intermediate  areas.  The  polar  ends  of  the  chorion  were 
smooth  and  free  from  ridges  for  about  three  inches  from  each 
pole.  A  uniform  layer  of  squamous  epithelial  cells,  the  nuclei  in 
which  were  distinct,  covered  the  face  of  the  chorion.  In  an 
older  specimen,  where  the  fostus  was  six  inches  long,  the  ridges 
on  the  chorion  were  more  strongly  elevated,  but  still  requiring 
a  microscope  for  their  examination.  The  summit  of  each  ridge 
was  broken  up  into  numerous  short,  simple  villi,  just  as  a 
mountain-ridge  may  be  broken  up  into  short  peaks  and  sum* 
mits.  In  injected  preparations  these  ridges  and  villi  were 
seen  to  be  very  vascular*.  Scattered  irregularly  over  the  sur- 
face of  the  chorion  were  quantities  of  circular  or  almost  circular 
slightly  elevated  spots,  which  varied  in  number  in  a  given 
area.  Sometimes  as  many  as  30  were  seen  in  a  square  inch,  in 
other  places  not  more  than  20.  The  spots  varied  in  diameter 
from  ^th  to  ^th  inch,  occasionally  one  ^th  inch  in  diameter 
was  seen.  In  most  of  the  red  injected  specimens  these  spots 
were  white  and  free  from  colour,  as  if  non-vascular,  but  when 
the  injection  was  pushed  further  they  became  red  also,  though 
not  so  completely  as  the  rest  of  the  chorion.  Examined  micro- 
scopically each  spot  wa»  observed  to  have  a  minute  central 
depression  surrounded  by  villi,  which  were  the  terminal  villi  of  a 
group  of  ridges,  and  it  was  now  seen  that  the  villous  ridges  were 
arranged  on  the  chorion  with  especial  reference  to  these  spots ; 
for  each  spot  was  a  centre  from  which  the  ridges  radiated 
outwards  as  the  spokes  do  from  the  centre  of  a  wheel.  After 
proceeding  some  distance  the  ridges  not  unfrequently  branched, 
and  adjacent  branches  joined  together  so  as  to  form  a  network. 
Hence  the  villous  surface  of  the  chorion  may  be  regarded  as 
mapped  out  into  a  number  of  areas,  the  centre  of  each  area 
being  a  circular  spot,  from  which  the  villous  ridges  radiate. 
Each  end  of  the  chorion,  for  nearly  three  inches  from  the  pole, 
had  a  smooth  non-villous  surface,  and  though  possessing  con- 
siderable vascularity  was  not  so  vascular  as  the  villous  part  of 
the  chorion.    Hence  the  chorion  of  the  pig  is  not  uniformly 

^  For  valuable  aid  in  injecting  ibis  and  tbe  otber  injected  plaoentsB  described 
in  ibis  Memoir,  I  bave  to  express  my  tbanks  to  my  Mosenm  Assistant, 
Mr  A.  B.  StirUng. 
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TtUooB,  but  the  villi,  as  was  indeed  known  to  von  Baer,  are 
distributed  over  the  middle  and  not  the  polar  regions  of  the 
chorion.  Though  the  structure  of  the  placenta  in  the  pig  is 
simple  like  that  of  the  mare  and  other  animals  with  a  diffused 
placenta,  yet,  as  regards  the  distribution  of  the  villi,  they  are 
arranged  aa  a  broadly  zonular  band  which  does  not  reach  to 
within  xeveral  inches  from  the  poles  of  the  chorion. 

On  examining  the  maternal  placenta  in  the  gravid  uterus  of 
a  pig,  where  the  foetus  weighed  only  12  grains,  the  free  surface 
of  the  mucosa  was  seen  to  present  an  undulating  appearance, 
owing  to  numerous  shallow  furrotn  and  fossie  separated  by 
intervening  ridgeleta  Opening  on  the  surface  of  the  mucosa, 
the  openings  being  marked  by  shallow  depressions  distinct 
from  the  furrows  above  referred  to,  were  the  mouths  of  the 
utricular  glands,  and  not  unfrequently  a  plug  of  epithelium 
projected  through  the  orifice.  Each  gland-orifice  was  sur- 
rounded by  a  smooth  portion  of  the  mucosa.  In  a  more  ad- 
vanced specimen,  where  the  foetus  waa  6  inches  long,  the  mucosa 
was  thrown  here  and  there  into  transverse  folds.  When  ex- 
amined with  a  pocket-lens  fine  ridges  and  furrows  were  seen, 
which  were  adapted  to  furrows  and  ridges  on  the  surface  of  the 
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cliorioD.  When  more  highly  magnified  the  furrows  were  seen 
to  be  subdivided  into  shallow  crypts  into  which  the  villi  of  the 
chorion  fitted.  Scattered  over  the  surface  of  the  mucosa  were 
numerous  smooth  almost  circular  depressed  spots,  free  from 
ridges  and  crypts,  corresponding  in  size  and  numbers  to  the 
circular,  radiating  spots  already  described  on  the  surface  of  the 
chorion ;  and,  as  von  Baer'  and  Escbricht*  have  described,  the 
star-like  elevations  of  the  chorion  are  adapted  to  these  smooth 
spots  on  the  mucosa  when  the  two  surfaces  are  in  contact  In 
the  minutely-injected  uterus  the  ridges  and  the  walls  of  the 
crypts  were  seen  to  contain  a  compact  capillary  plexus,  whilst  the 
smooth  spots  possessed  a  feeble  vascularity,  so  that  they  ap- 
peared as  distinct  white  spots,  surrounded  by  highly  vascular 
ridges,  on  the  injected  mucous  surface.  Beneath  the  superfidal 
crypt-layer  of  the  mucous  membrane  was  a  well-defined  glandular 
layer,  the  glands  in  which  were  tubular  and  branched  repeatedly, 
so  that  each  gland-.stem  or  duct  had  connected  with  it  numerous 
Fig.  2. 


Sarfaee-vieir  of  a  portion  of  the  injectod  Uterine  Hneoia  of  a  Pig  to  show  • 
depreBsed  ciroolai  spot  id  irbicb  tbe  tnoath  of  h  gland  g.  openR.  This  spot 
in  snrroiuided  bj  numerons  tuouIu  ciypts  er,  er.  The  branohing  glutdiol 
the  glandular  layer  and  the  larger  Tesseli  lie  deeper  than  llie  crypta. 
Magnified  Bame  scale  as  Fig.  1. 

branching  tubes.  The  depressed  circular  spots  had  a  special 
relation  to  the  ducts  of  these  glands,  for  opening  either  in  the 
centre  of  each  spot,  or  near  its  border,  by  an  obliquely-directed 

1  Utber  EntwUkelungtgfieliiehir  drr  Thirrt,  p.  ilSO,  1887. 
*  Dt   organi$  qua   Terpirnlioni  ft  nHlritioni  /kCim  mammnttum  iiuervitml. 
Hafnia,  tH87. 
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orifice,  was  a  gland-stem,  which  could  be  seen  running,  some- 
what tortuously,  from  the  deeper  glandular  layer  of  the  mucosa 
to  the  spot    Eschricht  had  in  1837  described  the  mouths  of  the 
utricular  glands  in  the  pig  as  situated  in  small  circular  spots 
(areolai),  distinct  from  the  surrounding  crypts  (ceUtUcB),  which 
circular  spots  in  injected  specimens,  owing  to  their  feeble  vas- 
cularity, appeared   white,    when    compared   with   the    highly 
vascular  crypts.    These  observations  of  Eschricht  seem  to  have 
been  overlooked  by  most  subsequent  observers.     In  1871*  I 
descnbed  a  similar  arrangement  in  the  uterus  of  a  pig  which  I 
examined.    In  1873  a  description  with  a  characteristic  figure  of 
a  spot  in  an  uninjected  specimen  was  given  by  Ercolani*.     It 
is  clear  therefore  that  in  the  pig  the  glands  do  not  open  into 
the  crypts  of  the  gravid  mucosa,  but  into  special  depressions  of 
the  mucous  membrane  distinguished  by  a  difference  in  form 
and  in  the  degree  of  vascularity  from  the  surrounding  crypt- 
like surface.    The  crypts  therefore  are  interglandular  in  posi- 
tion, and  are  produced  by  modifications  in  the  interglandular 
part  of  the  mucous  membrane,  and  not  by  a  dilatation  of  the 
gland-orifices  themselves.    The  free  surface  of  the  mucosa  was 
covered  by  an  epithelium  which  also  lined  the  crypts.     The 
epithelial  cells  were  columnar  in  form,  finely  attenuated  at 
their  deeper  end ;  and  not  unfrequently  I  saw  an  appearance  as 
if  cilia  projected  fit)m  the  broad  end  of  the  cell;  but  the  animal 
had  been  too  long  dead  to  enable  me  to  determine  their  presence 
by  vibratile  movements.    Owing  to  the  shallowness  of  the  crypts 
and  the  very  short  villi  of  the  chorion  in  the  pig  the  uterine 
and  chorionic  surfaces  separated  from  each  other  with  great 
readiness.     As  the  tubular  glands  did  not  open  into  the  crypts 
their  secretion  did  not  come  into  immediate  contact  with  the 
general  villous  surface  of  the  chorion.     The  mucous  membrane 
of  the  gravid  uterus  of  the  pig  differs  from  that  of  the  non- 
gravid  animal  in  the  following  characters :  in  the  presence  of  a 
layer  of  crypts,  in  the  increased  size  and  greater  obliquity  of 
the  glands,  and  in  the  much  greater  vascularity  of  the  mem- 
brane generally. 

I  have  not  had  the  opportunity  of  examining  the  foetal 

1  Tram.  Ray.  Soe,  EtUnb,  Vol.  zxyi.  p.  490. 

*  Mem.  deW  Aeead.  delU  Scieme  di  Bologna,  Plate  2,  Fig.  1. 
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placenta  of  the  Mare  in  the  early  period  of  gestation,  but  two 
specimens  in  advanced  stages  have  come  under  my  observation. 
In  both,  the  surface  of  the  chorion  presented  a  soft»  velvety, 
vascular  appearance,  due  to  its  being  almost  uniformly  covered 
with  vascular  villi,  even  up  to  the  poles.  But  at  each  pole, 
where  the  chorion  was  in  relation  to  the  orifice  of  the  Fallopian 
tube,  a  spot,  a  fraction  of  an  inch  in  diameter,  smooth  and  bare 
of  villi,  was  present.  Opposite  the  os  uteri  internum  a  well- 
defined  bare  patch,  which  in  one  specimen  was  about  an  inch 
in  diameter,  having  in  its  centre  a  faint  papillary  elevation,  was 
present.  Radiating  outwards  from  this  patch  were  five  long 
branching  arms,  also  free  from  villi,  and  immediately  beyond 
these  some  irregularly-shaped  bare  patches  were  seen.  The 
surface  of  the  uterine  mucosa  was  also  very  vascular,  except 
opposite  these  bare  patches  on  the  chorion,  and  the  folds  and 
depressions  radiating  from  the  os  uteri  corresponding  to  the 
radiated  patch  on  the  chorion  had  a  comparatively  slight  vascu- 
larity. In  the  chorion  from  another  mare  the  bare  spot  oppo- 
site the  OS  uteri  measured  2}  inches  long  by  from  ^  to  f  inch 
broad,  and  had  distinct  bare  radii  passing  off  from  it.  In  each 
specimen  an  irregular-shaped  non-villous  patch,  about  an  inch 
long,  was  found  on  a  portion  of  the  chorion  not  in  relation  to  a 
uterine  orifice.  Though  in  the  mare  the  villi  seem  to  the  naked 
eye  to  be  closely  set  oyer  the  surface  of  the  chorion,  yet  when 
examined  with  low  poweiB  of  the  microscope  they  are  seen  to 
be  arranged  in  brush-like  clusters  or  tufts,  separated  by  narrow 
non-villous  intervals,  an  arrangement  the  importance  of  which 
will  appear  when  the  corresponding  suifieice  of  the  mucosa  is 
described.  The  tufts  are  like  minute  foetal  cotyledons  and  the 
villi  in  each  tufb  are  filamentous  in  shape  and  contain  a  loop  of 
capillary  blood-vessels. 

I  have  not  yet  been  able  to  procure  the  uterus  c^  the 
mare  in  an  early  period  of  gestation.  But  on  inspecting  with 
a  simple  lens  the  surface  of  the  uterine  mucosa  of  a  mare 
which  had  reached  an  advanced  stage  of  pregnancy ^»  I  found 
it  subdivided  into  multitudes  of  irregular  polygonal  areas,  vary- 
ing in   diameter  from  -i^^th  to  ^th  inch,  by  slender  ridges, 

1  I  am  indebted  to  J.  R.  W.  Dewar,  Esq.,  V.  S.  of  Midmar,  Aberdeen,  for 
this  specimen. 
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whicli  anastomosed  with  eacb  other  so  as  to  have  a  reticu- 
lated appearance.  In  injected  preparations  the  ridges  were 
seen  to  be  less  vaacular  tfaaa  the  areas  which  they  enclosed, 
and  coDsequentl;  they  were  more  readily  recognised  in  injected 
Uiau  in  non-injected  portions  of  the  mucosa.  But  in  addition 
the  ridgea  were  smooth  on  the  surface,  whilst  the  enclosed 
areas  possessed  a  delicate  punctated  appearance.  When  more 
highly  magnified  each .  area  was  seen  to  be  subdivided  into 
mnltitndee  of  crypts,  which  passed  more  deeply  into  the  mucosa 
tlkan  in  the  pig.  The  arteries  and  veins  of  the  mucosa  occupied 
the  ridge*,  and  broke  up  into  small  branches  which  ended  in  a 


Tartieal  Mction  tbroneti  tbe  iiijaeM  plftoenta  of  the  Hue.  Ch.  the  efaorian 
with  iti  Tilli,  pMrtlj  in  lUu,  sad  partly  drawn  oat  of  the  orypti,  er.  g,  g, 
the  ntricnlu'  ^aods.  V,  V,  tbe  blood-Tenels  ol  the  tnoeoM  iinbeilded  Id 
the  oonueotiTe  ttMoe.  E  loose  epithelul  oelle  whioh  fonned  the  lining 
eella  of  ■  eiypt. 

compact  caiMlUry  plexaa  sitnated  in  the  walla  of  the  crypts, 
the  artery  in  each  ridge  giving  off  branches  to  the  crypt-areas 
between  which  Uiat  ridge  was  situated. 

The  glandular  layer  of  the  mucosa  contained  numerous 
branched  tubular  glands.  From  each  gland  a  stem  or  duct 
proceeded  which  ascended  almost  vertically  into  a  ridge  be- 
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tween  the  ciypt-areas,  and  opened  on  the  summit  of  the  ridge 
by  a  circular  or  oyal  aperture,  which  was  usually  situated  at  a 
spot  where  convergent  ridges  became  continuous  with  each 
other.  In  the  mare,  therefore,  as  in  the  pig,  the  utricular 
glands  do  not  open  into  the  crypts ;  but  on  definite  surfaces  of 
mucous  membrane  between  the  crypts^  so  that  the  crypts  are 
inteiglandular  in  position,  and  pixxluced  by  dianges  in  the 
interglandular  part  of  the  mucosa.  The  demonstration  of  the 
want  of  any  communication  between  the  utricular  glands  and 
the  crypts  in  the  mucosa  of  the  gravid  mare,  and  the  conse- 
quent interglandular  position  of  the  crypts,  was  made  a  few 
years  ago  by  Prof.  Ercolani^  of  Bologna. 

The  surface  of  the  mucosa  and  of  the  wall  of  the  crypts  was 
covered  by  an  epithelium,  which  when  examined  in  situ  showed 
a  polygonal  pattern,  like  the  broad  free  ends  of  columnar  epi- 
thelium-cells. When  the  cells  were  teased  asunder,  some  were 
seen  to  have  the  elongated  form  of  ordinary  columnar  epithe- 
lium; others  were  so  swollen  out  that  their  length  but  little 
exceeded  their  breadth ;  whilst  others  were  irregular  in  shape. 
The  protoplasm  was  distinctly  granular,  more  especially  in  the 
irregularly-shaped  cells,  which  resembled  in  appearance  the 
cells  of  the  serotina  as  seen  in  the  higher  mammals.  Nume- 
rous cells  exhibiting  transitional  forms  between  ordinary  colum- 
nar epithelium  and  serotin^rceUs  were  seen,  so  that  the  large 
granidar  cells  of  the  serotina  are  to  be  regarded  as  a  modified 
epithelium. 

The  filiform  villi  of  the  tufts  of  the  chorion  occupied  the 
crypts  in  the  mucosa,  which  represented  therefore  the  maternal 
cotyledons  of  a  ruminant  animal,  and  the  size  of  the  crypt-areas 
correspond  to  the  size  of  the  tufts.  The  ridges  between  the 
areas  filled  up  the  intervals  between  the  tufts.  The  secretion 
of  the  uterine  glands  was  not  poured  into  the  crypts  so  as  to 
come  into  immediate  relation  with  the  villi,  but  opposite  the 
inter-villous  surface  of  the  chorion.  The  villi  of  the  chorion 
were  so  closely  fitted  into  the  uterine  crypts,  that,  in  the  speci- 
men of  the  gravid  uterus  near  the  full  time,  it  required  a 
little  force  to  draw  the  villi  out  of  the  crypts.    As  in  the  pig, 

1  Bee  the  French  translation  of  his  Memoir,  and  the  fignree  in  Plates 
8  and  5.    Algiers,  1S09. 
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the  gravid  mucous  membrane  differed  &um  the  noQ-gTavid  in 
the  presence  of  a  layer  of  crypts,  in  the  increased  size  and 
greater  obliquity  of  the  glands,  and  in  the  greater  vascularity 
of  the  membrane  generally. 

The  difiosed  distribution  of  tbe  villi  over  tbe  surface  of 
the  chorion  in  tbe  Getacea,  and  tbe  velvety  appearance  due  to 
Una  arrangement,  bave  been  recognised  by  several  anatomists, 
from  obeervations  made  more  especially  on  the  common  por- 
poise. In  1869  I  examined  several  square  feet  of  tbe  chorion 
of  Ba&miopter^  B^baldii^,  and  sboved  that  the  whalebone 
whales  agreed  with  tbe  toothed  whales  in  the  diffused  distri- 
bution of  the  villi.  But  in  the  Cetacea,  as  in  the  pig  and 
mare,  patches  of  chorion  bare  of  villi  are  also  present.  Some 
years  ago  Prof.  Rolleeton  pointed  out*  that  in  a  specimen  (spe- 
cies unknown),  which  he  examined,  a  bare  spot  was  situated  at 
each  pole.  In  a  gravid  Orca  gladiator,  which  I  examined  in 
1871',  I  found  not  only  the  polar  bald  spots,  but  a  stellate 
non-villous  surface,  nearly  tbe  size  of  a  crown  piece,  and  with 
several  bare  lines  radiating  from  it  opposite  the  os  uteri;  the 
amngement  corresponding  very  closely  with  that  just  described 


io  the  chorion  of  tbe  mare  in  the  same  locality.     These  large 
radiating  bare  spots  in  tbe  mare  and  cetacean  are  exaggerated 


■  Tram.  Roy.  Soe.  EdiniiuTgh,  1870. 
»  Trant.  Zool.  Soe.  p.  307,  18B6. 

■  Iraiu.  Boy.  Soo.  Edinb.  1871. 


138  PROFESSOR  TURNER. 

representations  of  the  small  radiating  spots,  so  abufldantly 
distributed  over  the  chorion  of  the  pig. 

When  the  chorion  of  Orca  was  examined  microscopically 
the  villi  were  seen  to  vary  in  number  and  in  anungement  in 
different  parts.  Sometimes  they  were  set  in  rows  and  formed 
parallel  ridges:  at  others  they  were  collected  into  tufts,  irre- 
gular in  form  and  size,  which  sometimes  consisted  of  two, 
three  or  four  villi,  but  frequently  of  a  laiger  number.  Solitary 
villi  were  also  met  with  in  the  irregular  intervals  between  the 
tufts  and  ridges ;  and  it  was  not  uncommon,  as  Eschricht  had 
observed  in  Phooama^,  to  see  short  stunted  simple  villi  pro- 
jecting from  the  general  plane  of  the  chorion.  The  tufta  not 
unfrequently  swelled  out  into  a  branching  crown,  which,  to 
adopt  Eschricht's  description  of  the  shape  of  the  villi  in 
FhaccenOf  formed  a  miniature  representation  of  the  head  of  a 
cauliflower.  The  secondary  villi  of  a  tuft,  as  well  as  the  simple 
villi,  were  club-shaped. 

A  layer  of  spherical  or  ovoid  corpuscles  was  situated  im*- 
mediately  within  the  free  surface  of  each  villus,  and  not 
unfrequently  the  periphery  of  the  villus  was  slightly  elevated 
immediately  above  the  individual  corpuscles,  so  that  the  outline 
of  the  villus  had  a  gently  undulating  appearance.  These  cor- 
puscles I  have  named  from  their  position  the  sub-epithelial 
corpuscles  c^  the  villus.  In  their  form  and  appearance  they 
are  not  unlike  the  white  corpuscles  of  the  blood,  and  it  is  pos- 
sible that  they  may  have  migrated  out  of  the  blood-vessels  into 
the  connective  tissue  of  the  villus.  The  villi  contained  a  dis- 
tinct capillary  network.  Not  only  in  the  Orca,  but  in  the  pig 
and  mare,  the  capillaries  of  the  chorion  were  not  limited  to  the 
villi)  but  an  extra-villous  capillary  network,  which  freely  ana- 
stomosed with  the  intra- villous  capillaries,  was  situated  beneath 
the  general  plane  of  the  chorion.  The  blood  in  its  passage 
from  the  terminal  twigs  of  the  umbilical  artery  to  the  umbilical 
vein  had  to  flow  not  only  through  the  capillaries  within  the 
villi,  but  through  the  extra-villous  network,  from  which  the 
rootlets  of  the  vein  arose. 

Eschricht  in  1837*  and  Stannius  in  1848'  described  the 

^  De  Organii,  &o.,  p.  6.  *  De  Organit,  Ac 

>  Mttller'8  Arehiv,  p.  402, 184a 
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presence  of  numerous  little  recesses  on  the  free  surfftoe  of  the 
uterine  mucosa  of  the  gravid  porpoise,  in  which  the  villi  of  the 
chorion  were  lodged.  In  1871'  I  had  the  opportunity  of  dis* 
secting  the  gravid  uterus  of  Orca  gladiator,  and  of  determining 
much  more  minutely,  than  had  previously  been  done,  the 
structure  of  the  gravid  uterioe  mucosa  in  this  order  of  mam- 
mala.  The  free  surface  of  the  mucosa  had  a  delicate  reticu- 
lated appearance,  due  to  an  anastomosing  arrangement  of 
slender  bands  of  the  membrane.  Sometimes  a  subdivision  of 
the  surAice  into  irregular  polygonal  areas  was  seen,  at  others 
its  surface  was  traversed  by  an  elongated   ridge  and  furrow 

Fig.  6. 


arrangement.  The  polygonal  areas  and  the  furrows  were  sub- 
divided by  mora  delicate,  bands  into  small  crypt-like  compart- 
ments, and  the  intermediate  ridges  and  bands  of  the  mucous 
membrane  were  not  uoirequently  covered  by  similar  crypts. 

Beneath   the   crypt-layer  was   the  glandular  layer  of  the 
mucous  membrane.     The  glands,  as  in  the  pig  and  mare,  were 
>  Tram.  Boy.  Boe,  EUnbarffti,  p.  407,  1871. 
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tortuous  tubes  and  branched  repeatedly.  The  mode  of  termi- 
nation of  the  glands  on  the  surface  of  the  mucosa  was  more 
difficult  to  determine  than  in  the  pig  and  mare,  but  after 
repeated  examinations,  both  of  vertical  sections  through  the 
membrane,  as  well  as  of  surface* views,  I  came  to  the  conclusion 
that  the  tubular  glands  opened  into  the  bottom  of  some  of  the 
crypts*.  But  as  the  crypts  were  very  much  more  numerouB 
than  the  ducts  of  the  glands,  and  as  those  crypts  into  which 
tubular  glands  opened  were  deeper  aad  more  funnel-shaped 
than  those  into  which  glands  did  not  open,  I  was  led  to  divide 
the  crypts  into  two  groups,  non-glandular  cup-sbaped  crypts, 
and  glandular  funnel-shaped  crypts.    The  relation  of  the  glands 

Fig.  6. 


Diagrnmrntitio  eeation  thianoh  the  pUeenta  ol  Orca  gladxaior.  a.  aiip-Blup«d 
(OTpt.  b.  fmmel-Bliaped  crjpl.  c.  tnbolar  glaiid-Bt«m  with  its  epithelial 
limn^.  d.  fnaiform  and  e.  Bpheroidal  sub-epithelial  oonnectiTB-timie 
oorpoaoles.  /. /.  epithelial  lining  of  orypta.  g.  g.  maternal  Mpillariei  in 
the  wallB  ol  (be  oryptB.  K  h,  ohonoiiio  illU  ocmpjiug  the  oryptH- 
t.  i.  epithelial  ooTering  ol  the  villi,  k.  Bpheroidal  and  I.  taeifona  oor- 
puDoleB  ol  the  villi  m.  m.  intra -TiUooB  fmtal  capilluies  oontinnoua  irith 
n.  n.  eitrft-Tillone  capillaries.  The  ^aoe  represented  between  the  (cg(«1 
epitbelinm  i.i.  and  the  maternal  epithelinm  /.  /.  ia  to  give  dirtinatneBs 
to  tbe  diagram,  for  in  the  plaoeuta  itself  the  two  epithdial  BurfaMC  ace 


>  I  am  not  prepared  to  »a.j  that  on  a  anrfaoe  so  extandTe  as  the  mnocras 
membrane  of  the  gravid  atems  in  Orca  there  mav  not  be  here  and  there 
a  spot  tree  trom  om>ta  at  which  a  tabular  gland  ma;  open,  bnt  ahoold 
this  be  BO,  it  voold  have  to  be  regarded  aa  the  ezoeption  and  not  the  rule. 
For  iu  a  portion  ol  mnooaa  aboat  half  an  inoh  square  I  found  several  gland- 
oponings  at  the  bottom  of  a  ooiresponding  number  of  funnel-shaped  crypts. 
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to  the  fannel-shaped  crypts  seemed  to  justify  the  inference  that 
these  pouch-like  depressions  in  the  mucosa  were  (as  was  stated, 
by  Dr  Sharpey,  to  he  the  case  in  the  pits  or  *'  cells''  on  the  sur* 
face  of  the  uterine  mucosa  in  the  gravid  bitch)  the  mouths  of 
the  glands  somewhat  enlarged  and  widened.     But  however  this 
might  be  the  case  with  the  funnel-shaped  crypts  it  obviously 
could  not  be  so  with  the  cup-shaped  crypts,  which  were  inter- 
glandular  in  position,  and,  as  in  the  pig  and  mare,  could  only 
have  been  produced  by  changes  in  the  interglandular  part  of 
the  mucous    membrane.     I  guarded  myself  however  against 
too  absolute  an  acceptance  of  the  view  that  the  funnel-shaped 
crypts  were  merely  the  widened  mouths  of  the  glands  by  stating 
(p.  501)  that  they,  like  the  cup-shaped  crypts,  may  be  formed 
by  a  folding  of  the  greatly  hypertrophied  mucous  membrane : 
only  in  the  on»  case  the  hypertrophy  and  folding  take  place 
between  the  glands,  in  the  other  at  the  mouth  of  the  gland 
itsell    The   difference  between  the  mode  of  opening  of  the 
glands  in  Orca  on  the  one  hand,  and  in  the  pig  and  mare  on 
the  other,  seemed  to  be  this :  that  in  Orca  the  free  surface  of  the 
mucosa  was  much  more  uniformly  crypt-like  than  in  the  pig  and 
mare,  so  that  there  were  no  intermediate  surfaces  destitute  of 
crypts  on  which  the  glands  could  open,  whilst  in  the  pig  and 
mare  the  crypts  were  collected  into  definite  areas,  with  distinct 
smooth  surfaces  intermediate  to  them.     This  more  compact 
arrangement  of  the  crypts  in  Orca  corresponds  with  the  more 
crowded  condition  of  the  villi  on  the  surface  of  the  chorion. 
That  the  whole  series  of  crypts  however  in  the  cetacean  uterus, 
as  in  the  pig  and  mare,  are  to  be  regarded  as  interglandular 
formations,  is  supported  by  the  observations  of  Eschricht  on  the 
mucosa  of  the  gravid  poi'poise.     For  he  states  (p.  35)  that  in 
this  animal  the  glands  open  on  the  surface  of  the  mucous  mem- 
brane, not  into  the  "cells"  in  which  the  villi  are  lodged,  but  into 
separate  shallow  areola;  that  in  the  porpoise,  as  in  the  pig, 
these   areoke  are  much  less  vascular  than  the  surrounding 
crypts ;  and  that  for  so  great  a  multitude  of  gland-ramifications 
there  are  not  more  openings  on  the  surface  ef  the  mucous  coat 
than  in  the  pig. 

The  walls  of  the  crypts  and  the  interglandular  connective 
tissue  in  Orca  contained  numerous  nucleated  corpuscles.     In 
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the  interglandular  tissue  they  were  mostly  fusiform^  but  iu 
the  walls  of  the  crypts  a  distinct  layer  of  globular  lymphoid- 
looking  corpuscles  was  seen  close  to  the  free  surface,  which 
was  not  unfrequently  elevated,  in  a  sinuous  outline,  immediately 
superficial  to  these  corpuscles,  which  may,  from  their  position, 
be  called  the  sub*epithelial  corpuscles  of  the  crypts.  It  is  not 
improbable  that  these  corpuscles  may  have  migrated  through 
the  walls  of  the  adjacent  capillaries.  The  walls  of  the  crypts 
were  very  vascular  and  contained  a  compact  capillary  network. 
Owing  to  the  closer  arrangement  of  the  crjrpts,  the  surface  of 
the  mucosa  generally  presented  a  more  uniform  vascularity 
^than  in  either  the  pig  or  mare.  In  all  these  animals  in- 
deed the  great  vascularity  of  the  crypts  wa3  one  of  the  most 
striking  features  in  the  structure.  The  capillaries  in  the  walls 
of  all  the  crypts  belonging  to  the  same  group  formed  a  con- 
tinuous network,  and  in  the  Orca,  owing  to  the  more  uniform 
crypt-formation,  the  capillaries  of  one  group  freely  anastomosed 
with  those  of  adjacent  groups.  The  capillaries  in  the  crj^t- 
walls  in  each  animal  formed  a  series  of  anastomosing  festoons, 
and  usually  a  distinct  capillary  ring  surrounded  the  mouth  of 
each  crypt  Moreover  there  was  a  great  difference  between 
the  vascularity  of  the  crypts  and  that  of  the  deep  layer  of  the 
mucosa  in  which  the  glands  were  situated,  for  the  vascularity 
of  the  latter  was  not  more  than  may  be  seen  in  connection  with 
the  tubular  glands  of  the  intestine.  The  crypts  in  Orca  were 
lined  by  a  well-defined  layer  of  epithelium-cells,  which  closely 
followed  the  various  irregularities  of  the  mucous  surface.  The 
free  ends  of  the  cells  were  polygonal,  often  hexagons,  or  penta- 
gons, though  sometimes  elongated  into  a  pyriform  shape.  In 
my  original  memoir  on  the  placentation  in  Orca,  I  stated  that 
they  had  the  appearance  of  a  pavement-epithelium,  though 
they  were  not  larger  than  the  broad  free  ends  of  the  cylindrical 
epithelium  lining  the  glands.  I  have  since  re-examined  this 
layer  of  cells,  and  have  now  come  to  the  conclusion  that  they 
cannot  be  associated  with  either  the  pavement-epithelium 
(i,e,  if  we  employ  the  term  as  equivalent  to  squamous),  or  with 
the  cylindrical  epithelium.  The  cells  are  neither  sufficiently 
elongated  for  the  one,  nor  flattened  for  the  other,  but  have 
an  intermediate  or  transitional  form. 
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The  villi  of  the  cborioQ  fitted  into  the  crypts,  but  were 
easily  extracted  from  them.  Only  those  villi  which  occupied 
the  fuDnel-shaped  crypts  were  brought  into  immediate  contact 
with  the  secretion  of  the  tubular  glands,  but  in  all  the  crypts 
the  villi  were  in  contact  with  the  epithelial  lining. 

In  ManiSy  as  was  pointed  out  by  Dr  Sharpey^  the  chorion 
was  studded  with  villous  ridges,  but  a  bare  band  free  from  villi 
ran  longitudinally  along  the  concavity  of  the  chorion,  and  there 
wss  a  corresponding  bald  space  on  the  surface  of  the  uterine 
mucous  membrane.  The  ridges  of  the  chorion  started  from  the 
maigins  of  the  bald  stripe  and  ran  round  the  ovum.  The 
mucous  membrane  of  the  uterus  possessed  a  finely  reticulated 
appearance  on  the  surface,  and  was  punctated  with  the  orifices 
of  numerous  shallow  crypts  in  which  the  villi  had  been  lodged. 
Branched  cylindriform  glands  were  very  abundant  in  the  deeper 
layer  of  the  mucosa,  but  their  mode  of  opening  on  the  surface 
could  not  be  satisfactorily  ascertained,  owing  to  the  condition 
of  the  specimen. 

The  Camdidce,  unlike  the  ordinary  Ruminant  mammals, 
possess,  as  has  for  many  years  been  recognised,  a  diffused  pla- 
centa. I  have  recently,  through  the  courtesy  of  Prof  Flower, 
had  the  opportunity  of  examining  a  considerable  part  of  the 
chorion  of  a  Dromedary,  preserved  in  the  Museum  of  the  Boyal 
College  of  Surgeons,  London.  The  free  surface  of  the  chorion 
was  thickly  studded  with  short  villi,  but  at  one  spot  a  bare 
patch  about  li^  inch  long  was  seen ;  the  relation  of  which  to 
the  wall  of  the  uterus  could  not  be  ascertained.  The  villi  were 
not  arranged  in  tufts  but  arose  singly  from  the  chorion,  having 
a  somewhat  constricted  base,  and  expanding  at  the  free  end  in 
a  dub-shaped  manner.  The  villi  varied  in  length  from  about 
the  ^  ih  to  ^  th  inch.  The  larger  proportion  were  unbranched, 
but  some  of  the  longer  villi  were  divided  into  two  or  three 
short  offshoots  at  the  free  end.  The  vessels  of  the  chorion  had 
been  injected  with  size  and  vermilion,  and  a  beautiful  intra^ 
villous  network  of  capillaries  was  displayed.  An  extra-villous 
plexus  of  capillaries,  not  unlike  that  which  I  have  described  in 

>  Qac^ed  in  Bxaley^B  Elements  of  Comparative  Anatomy t^.  112,  1864;  and 
with  additional  details  in  my  Memoir  on  (he  Plaoentation  of  the  Sloths  in 
Tranf .  Roy.  See.  Edinb.  1873. 
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the  mare  and  inOrca,  was  also  seen.  Although  the  gravid  uterus 
itself  was  not  in  the  museum  for  examination,  yet  there  can  be 
no  doubt  that  its  free  surface  must  have  been  thickly  studded 
with  crjrpts  for  the  reception  of  the  villi. 

In  the  TragvlidcB  also,  as  has  been  described  and  figured  by 
M.  A.  Milne-Edwards  in  Tragtilus  Stardeyanua^,  the  villi  are 
not  collected  into  cotyledons,  but  are  uniformly  diffused  over 
the  surface  of  the  chorion. 

In  the  Tapir,  as  was  shown  by  Sir  Everard  Home',  the 
chorion  is  villous  as  in  the  mare.  In  Tapirus  MalayanuSf 
I  am  told  by  my  friend  Dr  John  Anderson,  there  is  "  a  long 
bare  area  as  in  Manis,  Platanista  and  Orcelia,  but  propor* 
tionally  of  much  greater  size.  The  uterus  also  has  the  general 
characters  of  that  organ  in  the  gravid  P^otonisto'."  In  the 
Hippopotamus  M.  EL  Milne-Edwards  has  described^  large  villi 
disseminated  over  the  whole  surface  of  the  chorion,  except  at 
the  poles,  where  the  membrane  is  smooth.  Mr  A  H.  Qarrod 
has  also  seen'  the  uniformly  villous  covering  of  the  chorion  in 
the  placenta  of  this  animal. 

The  Polycottledonary  Placenta. — This  form  of  Pla- 
centa is  characteristic  of  animals  belonging  to  the  order  Mv/mi" 
nantia.  It  consists  of  a  number  of  thick  tuft-like  masses  of 
villi — the  fcetal  cotyledons,  which  are  lodged  in  crypts  situated 
in  an  equal  number  of  thick,  spongy  elevations  of  the  uterine 
mucous  membrane — the  maternal  cotyledons.  The  foetal  coty- 
ledons are  separated  from  each  other  by  considerable  areas  of 
smooth  chorion,  and  the  maternal  cotyledons  have  equally 
large  areas  of  smooth  mucous  membrane  between  them.  Each 
cotyledon  is  complete  when  the  foetal  are  lodged  within  the 
maternal  cotyledons,  and  each  when  complete  forms  a  miniature 
.  placenta. 

The  first  indication  of  the  formation  of  a  maternal  cotyledon, 

1  Ann.  de$  Sciences  Naturelles,  p.  101,  Vol.  n.  1864. 

*  Lectures  on  Comp.  Anatomy,  y.  p.  828,  and  Plate  27. 

*  The  characters  of  the  gravid  uterus  in  the  rare  Cetacean  genera,  Platanista 
and  Orcelia,  have  been  specially  studied  by  Dr  Anderson,  and  will  be  described 
by  him  in  a  memoir  to  be  shortly  published. 

*  Legons  sur  la  Phusiologie,  iz.  p.  562, 1870. 
»  Proc,  Zool,  Soc.  Nov.  19, 1872. 
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as  has  been  pointed  out  hj  Ercolani',  is  od  elevation  of  the 
mucosa,  which  presents  an  irregular  undulating  sarface.  As 
the  development  proceeds  this  irregularity  increases,  until 
well-defined  depressions  or  crypts  are  formed.  The  walls  of 
the  crypts  continue  to  grow  in  length,  and  the  crypts  are  not 
only  deepened,  but  smaller  compartments  branch  off  from  them. 
In  the  course  of  time  they  assume  the  appearance  of  deep  pits, 
subdivided  into  numerous  crypt-libe  computments,  into  which 
the  villi  of  the  chorion  closely  fit.  The  shape  of  the  fully 
formed  cotyledons  and  the  disposition  of  the  pito  vary  in 
different  Ruminants.  I  shall  especially  describe  what  I  have 
seen  in  the  Sheep  and  Cow. 

In  the  Sheep  the  maternal  cotyledons  projected  as  cup- 
shaped  mounds  &om  the  uterine  wall.  They  were  covered  on 
the  outer  convex  surface  by  the  uterine  mucosa,  which  was 
prolonged  as  far  as  the  free  inverted  edge  of  the  cup.  The 
inner  surfiue  of  the  cotyledon  was  composed  of  a  soft,  spongy 
material,  containing    numerous  pits,  which   extended    almost 

Fig.  7. 


SMnu-^Uagnminatic  veiticftl  (eaUon  throng  •  portion  of  a  materoftl  odtyUddn 
of  a  Sheep,  er.  er.  pit-Uko  erTpts,  irith  1. 1,  the  epithelial  lining,  u,  «, 
the  Teins,  and  e.  e.  the  onrling  arteries  ol  the  «nb-epitheliiU  eonnectire  tiwme, 

<  Hem.   dtW   Aeead.   deUe  SH^e  M  Bologna.  1870,  Plate  L  and    1878, 
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verticaUy,  and  divided  as  they  passed  deeper  into  its  substance 
into  smaller  crypt-like  compartments,  which  radiated  to?rard8 
the  outer  wall  of  the  cotyledon,  without  diverging  much  from 
each  other.  The  pits  were  lined  by  well-marked  cells,  most  of 
which  were  irregular  in  shape,  polygonal,  ovoid,  or  even  some- 
what  caudate,  and  of  considerable  size,  though  some  appeared 
like  modified  columnar  cells.  They  consisted  of  granular  proto- 
plasm, in  which  one,  two,  or  sometimes  three,  well-defined  ovoid 
or  elliptical  nuclei  were  imbedded,  but  without  a  cell-walL  Not 
unfrequently  the  outline  of  the  individual  cells  was  very  in* 
distinct,  and  they  seemed  as  if  composed  of  a  layer  of  protoplasm 
studded  with  nuclei. 

The  cells  rested  on  a  highly  vascular  sub- epithelial  con- 
nective tissue,  which  formed  the  proper  wall  of  the  pits.  The 
mucous  membrane  investing  the  cotyledon  was  continuous  at 
the  mouth  of  the  cup  with  the  walls  of  the  pits  in  the  spongy 
tissue,  so  that  the  cells  lining  the  pits  were  in  the  same  mor- 
phological plane  as  the  epithelium  covering  the  mucosa.  The 
cotyledons  were  highly  vascular.  Some  of  the  arteries  in  the 
sub-cotyledonary  connective  tissue  were  corkscrew-like ;  and  in 
the  deeper  part  of  the  cotyledon  itself  I  have  seen  tortuous 
vessels.  The  greater  number  of  the  vessels  within  the  cotyledon 
passed,  however,  vertically  towards  the  surfieu^e,  lying  in  the 
connective-tissue  walls  of  the  pits ;  branching  repeatedly,  as  a 
rule,  in  a  dichotomous  manner,  prior  to  forming  a  compact 
maternal  capillary  plexus, — ^not  dilating  into  maternal  blood- 
sinuses. 

The  mucous  membrane  of  the  uterus  between  the  cotyledons 
contained  numerous  tortuous,  branched,  tubular  glands.  Some 
of  these  extended  almost  vertically  to  the  surface,  and  could  be 
seen  in  almost  their  entire  length  in  vertical  sections— others 
ran  more  obliquely,  and,  owing  to  their  tortuosity,  were  re- 
peatedly divided  in  vertical  sections.  The  mouths  of  the  glands 
could  readily  be  seen  with  a  pocket-lens  opening  on  the  surface, 
the  orifice  being  partially  surrounded  by  a  minute  elevation  of 
the  mucosa.  In  the  mucosa  around  the  base  of  the  cotyledons 
a  ring-like  series  of  gland-openings  was  seen.  In  the  mucosa 
covering  the  cotyledons,  glands  %ere  also  present,  but  their 
orifices  were  much  stretched,  as  if  by  the  pressure  due  to  the 
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great  growth  of  the  subjacent  spongy  tissue  of  the  cotyledon. 
The  sub-epithelial  connective  tissue,  in  which  the  glands  lay, 
was  not  by  any  means  so  vascular  as  that  which  formed  the 
walls  of  the  pits  within  the  cotyledons.  In  some  sections 
through  the  cotyledons  and  adjacent  mucosa  no  glands  were  to 
he  seen  in  the  connective  tissue  intervening  between  the  coty- 
ledon and  muscular  wall,  but  they  were  collected  in  considerable 
numbers  around  the  cotyledon,  as  if  pushed  outwards  by  its 
rapid  growth.  In  other  sections,  however,  tubular  glands  were 
seen  in  the  sub-cotyledonary  connective  tissue;  but  they  seemed 
to  be  the  deep  ends  of  branching  glands,  the  stems  of  which 
had  inclined  obliquely,  so  as  to  open  on  the  surface  of  the 
mucous  membrane  covering  the  cotyledon.  None  of  these 
subjacent  glands,  or  those  situated  on  the  surface  of  the  coty- 
ledon,  were  seen  to  open  into,  or  in  any  way  to  communicate 
with,  the  pits  within  the  cotyledon  itself 

The  foetal  cotyledons  consisted  of  numerous  villi,  which  col- 
lectively formed  a  ball-like  mass,  occupying  the  concavity  of 
the  maternal  cotyledon.    Each  villus  consisted  of  a  main  stem, 
which  gave  off  a  tuft  or  cluster  of  spatulate  branches.    The  villi 
entered  the  maternal  pits  and  branched  along  with  them,  so 
that  every  compartment  was  occupied  by  a  branch  of  the  villus; 
but  there  was  necessarily  no  great  divergence  of  these  branches 
from  the  main  stem.     At  their  deeper  end  these  spatulate 
branches  gave  off  slender  terminal  offshoots.    The  villi  were 
formed  of  gelatinous  connective  tissue,  in  which  very  distinct 
fusiform  and  stellate  corpuscles  were  arranged  in  an  anasto- 
mosing network.    At  the  pferiphery  of  the  villus  was  a  layer  of 
flattened  cells,  with  small  but  distinct  nuclei  arranged  so  as  to 
form  an  epithelial-like  investment.   The  umbilical  vessels  rami- 
fied within  the  villi  and  formed  networks  of  capillaries.     The 
tUU  were  in  close  contact  with  the  epithelial  cells  lining  the 
maternal  pits.    Owing  to  the  inversion  of  the  free  edge  of  the 
maternal  cotyledon  and  the  radiated  arrangement  of  the  pits, 
with  their  contained  villi,  it  was  impossible  to  disengage  the 
maternal  and  festal  cotyledons  from  each  other  without  drawing 
away  with  the  foetal  villi  portions  of  the  maternal  cotyledon.     I 
invariably  found  that,  in  drawing  the  foetal  villi  out  of  their 
compartments,  flakes  of  epithelial  cells  accompanied  them,  which 

10—2 
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showed  how  readily  this  element  of  the  maternal  issue  is  shed. 
During  parturition,  however,  when  the  parts  are  relaxed,  the 
disengagement  of  the  two  structures  can  necessarily  be  more 
easily  accomplished. 

In  the  Cow  the  maternal  cotyledons  differed  in  form  from 
those  in  the  sheep.  They  were  fungiform  or  umbrellarshaped, 
and  were  connected  to  the  uterine  wall  by  a  broad  neck,  around 
which  the  uterine  mucosa  was  prolonged  as  far  as  the  border  of 
the  umbrella.  The  whole  convex  surface  of  the  cotyledon  was 
riddled  with  pits,  which  passed  vertically  into  its  spongy  sub- 
stance, and  divided  into  smaller  compartments  in  the  deeper 
part  of  the  cotyledon.  Projecting  from  the  wall  of  each  pit 
were  delicate  bands,  visible  to  the  naked  eye,  arranged  as  a 
rule  in  a  vertical  direction,  and  in  the  intervals  between  these 
bands  the  wall  was  perforated  by  numerous  orifices,  easily  seen 
with  a  pocket-lens,  which  were  the  mouths  of  depressions  or 
crypts  in  the  wall  of  the  pit,  some  lying  almost  at  right  angles* 
others  obliquely  to  the  wall  of  the  pit  itself.  The  pits,  with 
their  numerous  crypts,  were  lined  by  cells,  similar  in  character 
to  those  of  the  sheep.  But  I  should  state  that  a  larger  pro- 
portion of  these  cells  had  preserved  the  columnar  form  of  the 
epithelium  of  the  non-gravid  uterine  mucosa.  They  rested  on 
a  highly  vascular  connective  tissue,  in  which  the  maternal 
capillaries  formed  a  compact  network. 

The  surface  of  the  uterine  mucosa  between  the  cotyledons 
presented  the  mouths  of  the  tubular,  branched,  utricular  glands, 
which  extended  more  obliquely  to  the  surface  than  in  the  sheep, 
so  that  in  vertical  sections  through  the  membrane  they  were 
frequently  cut  through  and  divided ;  segments  of  each  gland 
were,  as  a  rule  seen,  though  sometimes  the  stem  of  a  gland 
mounted  to  the  surface  to  open  by  an  obliquely-directed  orifice. 
Glands  were  also  present  in  the  connective  tissue  forming  the 
neck  of  the  cotyledon,  but  none  were  seen  to  communicate  with 
the  pits. 

The  foetal  cotyledons  were  situated  on  the  umbrella-shaped 
maternal  cotyledons,  and  their  numerous  villi  occupied  the  pits. 
The  stems  of  the  villi  were  comparatively  large,  and  studded 
with  multitudes  of  minute  tufts,  which,  arising  obliquely  or 
almost  at  right  angles  to  the  main  stem,  entered  and  occupied 
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the  crjpts.  The  minute  villi  fonning  these  tufts  were  so  slender 
and  filiform  that  each  terminal  offshot  contained  only  a  single 
capillary  loop.  The  villi  were  in  contact  with  the  epithelium- 
cells,  and  in  drawing  them  out  of  the  pits,  more  especially  in 
drawing  the  tufts  out  of  the  crypts,  multitudes  of  cells  of  the 
lining  epithelium  came  away  with  them.  From  the  differences 
in  shape  of  the  maternal  cotyledon  in  the  cow  and  in  the  sheep, 
there  is  not  the  same  difficulty  in  unlocking  the  foetal  from  the 
maternal  placenta  in  the  former  animal  as  in  the  latter. 

In  the  Red-deer  the  general  form  of  the  cotyledons  is  not 
unlike  what  I  have  described  in  the  Cow.  The  form  and  to 
some  extent  the  structure  of  the  cotyledous  in  the  Roe-deer 
have  been  described  by  Bischoff'.  Prof  Owen  has  given  some 
beautiful  figures  of  the  foetal  cotyledons  of  the  Giraffe',  and  has 
pointed  out  that  some  of  large  size  were  arranged  in  longitu- 
dinal rows,  whilst  numerous  smaller  ones,  of  irregular  form  and 
unequal  dimensions,  projected  from  the  outer  surface  of  the 
chorion  in  the  inter-space  of  the  normal  larger  cotyledons.  I 
have  examined  microscopically  the  villi  of  this  specimen  as 
preserved  in  the  Museum  of  the  Royal  College  of  Surgeons, 
liondon,  and  have  found  them  to  possess  some  variations  in 
form.  Some  were  filiform  and  almost  cylindrical,  others  broader 
and  more  flattened.  Some  were  unbranched  except  at  the  free 
end,  where  they  gave  origin  to  two  or  three  short  bud-like  off- 
shoots :  others  were  much  more  deeply  cleft,  but  none  could  be 
said  to  have  an  arborescent  form.  The  cotyledons  were  very 
vascular,  and  each  villus  contained  a  compact  capillary  network. 
Although  the  uterine  mucosa  of  the  gravid  Giraffe  has  not 
apparently  been  examined,  there  can  be  no  doubt  that  maternal 
cotyledons  containing  pits  for  the  reception  of  the  foetal  villi 
must  exist,  and  Owen  has  shown  that,  even  in  the  non-gravid 
state,  elevations  are  to  be  seen  in  the  uterine  wall,  which  cor- 
respond in  position  to  the  future  cotyledons. 

It  is  necessary  that  we  should  now  consider  whether  the 
pits  and  crypts  in  the  maternal  cotyledons  of  the  ruminant 
placenta,  in  which  the  villi  of  the  chorion  are  lodged,  are  merely 
the  greatly  enlarged  mouths  of  the  utricular  glands  of  the 

1  EntwUklungsgesehichte  den  Rehei^  Giessen,  1854. 
*  Trafu.  Zool.  Soc,  Vol.  iii. 
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mucosa,  or  are  structures  specially  formed  during  pregnancy, 
by  great  hypertrophy  and  folding  of  the  inter-glandular  part 
of  the  mucous  membrane,  as  in  the  diffused  forms  of  placenta. 
Prof.  Spiegelberg^  was  of  opinion,  from  some  observations  which 
he  had  made,  that  they  were  only  remarkable  dilatations  of  the 
utricular  glands,  and  Bischoff  was  at  one  time  disposed  to  regard 
them  as  the  largely  developed  glands  of  the  uterus.     Subse- 
quently however  Bischoff  figured  in  the  cotyledons  of  the  Roe- 
deer',  the  utricular  glands  ascending  to  open  on  the  surface  of 
the  uterus,  not  in  the  cotyledons,  but  around  its  circumference. 
Eschricht  however  had  previously  stated  that  in  the  cow  the 
glands  open,  not  into  the  cotyledons,  but  on  the  surface  of  the 
uterus  between  them.    Ercolani  also  has-figured  and  described* 
both  in  the  sheep  and  cow  the  glands  as  situated  around  the 
cotyledons,  and  not  communicating  with^  the  cavities  within 
them.     In  the  description  which  I  have  given  of  the  cotyledons 
in  the  sheep  and  cow,  I  have  stated  that  I  wcw  unable  to  detect 
any  communications  between  the  glands  and  crypts :  the  glands 
indeed  appeared  as  if  they  had  been  pressed  to  the  periphery  of 
the  cotyledons  by  the  great  development  of  its  spongy  sub- 
stance.    Hence  it  would  appear  that  in-  the'  polycotyledonary, 
as  in  the  diffused  placenta,  the  crypts  in  vrhidb,  the  foetal  villi 
are  lodged  are  not  produced  by  an  enlargement  and  dilatation 
of  the  tubular  glands  of  the  mucosa;  but  are  new  structures 
formed,  during  pregnancy,  by  a  great  hypertrophy  and  folding 
of  the  interglandular  part  of  the  mucous  membrane. 

The  Zonart  Placenta. — The  Zonaiy  or  Annular  placenta 
is  found  in  its  most  chai*acteristic  form  in  the  Camivora  and 
Pi7mq[)edia,  though  if  is  present  also  in  Hyrax  and  in  the 
Elephant. 

The  gravid  uterus  of  the  dbg,  cat,  and  other  pluriparous 
Camivora  possesses  a  moniliform  appearance.  Each  dilatation 
is  a  compartment  of  tUe  uterus  containing  an  embryo,  with  its 
membranes,  and  between  adjacent  compartments  the  uterine 

1  HetOe  and  Pfeuffev'i  Zeitsehrifr,  xxl  quoted  by  Ercolani,  p.  17,  of  Uie 
French  translation  of  Iub  Memoir. 

*  EntufUklunptgesehUhU  de$  Rehes,  Plate  VUL  1854. 
3  Memoir  of  1878,  Plate  2. 
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cavity  forms  a  narrow  tube.  If  one  of  these  compartments  be 
opened,  in  a  well-advanced  stage  of  development  of  the  embryo, 
the  chorion  will  be  seen  to  be  smooth  and  bare  of  villi,  except 
io  about  its  middle  third,  where  the  villi  are  arranged  as  a 
zonular  band  around  the  transverse  circumference  of  the  ovum. 
The  uterine  mucosa  possesses  a  similar  zone  closely  blended 
with  the  zonular  band  of  the  chorion.  The  mucous  membrane 
on  each  side  of  the  zone  is  smooth  and  vascular :  it  lies  in  ap- 
position with  the  smooth  part  of  the  chorion,  but  has  no  attach* 
ment  to  it.  Where  the  zonary  and  smooth  parts  of  the  mucosa 
are  continuous  with  each  other  a  narrow  strip  of  mucous  mem- 
brane is  reflected  on  the  margin  of  the  zonular  band  of  the 
chorion,  and  forms  a  rudimentary  decidua  reflexa.  In  the  true 
camivora  the  decidua  reflexa  is  so  very  narrow  that  it  has  often 
been  overlooked ;  but  in  the  grey  seal,  where  the  placenta  is 
large,  the  reflexa  is  from  |  to  1^  inch  broad.  As  the  zonary 
placenta  is  much  more  complex  in  structure  than  either  the 
diffused  or  polycotyledonary  forms,  it  is  necessary,  in  order  to 
understand  the  arrangements,  that  it  should  be  examined  in 
different  stages  of  development.  I  shall  first  describe  what  I 
have  seen  in  the  domestic  cat 

In  the  earliest  impregnated  Cat's  uterus,  which  I  have  ex- 
amined, the  compartments  were  ovoid,  and  the  long  diameter 
of  each,  measured  along  the  arc,  did  not  exceed  -^th  inch. 
Wben  a  compartment  was  opened  the  chorion  readily  separated 
from  the  mucous  lining.  At  each  pole  of  the  compartment  an 
area  of  mucosa  ^th  inch  in  its  long  diameter  was  smooth  ;  but 
the  rest  of  the  membrane  was  hypertrophied,  spongy,  swollen, 
and  elevated  above  the  smooth  polar  portions,  and  formed  the 
placental  area.  The  placental  area  possessed  on  its  surface  an 
extremely  delicate  reticulation,  many  of  the  strands  of  which 
had  a  sinuous  direction.  It  was  thickly  studded  with  minute 
orifices  barely  visible  to  the  naked  eye,  but  easily  seen  with  a 
pocket-lens.  These  orifices  were  the  mouths  of  the  pits  or 
crypts  in  which  the  villi  of  the  chorion  had  been  lodged.  A 
few  of  these  openings  were  two  or  three  times  larger  than  the 
rest.  The  appearance  which  I  saw  in  the  cat  is  evidently  simi- 
lar to  that  figured  by  Dr  Sharpey  in  the  bitch  (Fig.  211)^  and 

1  Baly'8  TranBlation  of  MttlUr'a  Phy$vology,  note  p.  1576. 
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by  Bischoff  in  the  same  animal  (Fig.  48,  A)\  though,  as  will  be 
seen  further  on,  I  interpret  its  mode  of  production  in  a  different 
manner  from  those  anatomists.  The  crypts  passed  vertically  into 
the  spongy  substance,  and  when  vertical  sections  were  made 
through  ity  they  were  seen  to  be  separated  from  each  other  by 
trabeculsB ;  the  chief  beams  of  which  lay  vertically,  and  when 
they  reached  the  free  surface  formed  the  strands  of  the  reticulum 
already  described.  The  vertical  trabeculae  were  connected  to- 
gether by  others  directed  obliquely  or  in  a  sinuous  manner,  and 
these  lateral  connections  were  especially  seen  about  midway  in 
their  length.  Hence  not  only  on  the  surface,  but  when  hori- 
zontal sections  were  made  through  the  placental  area,  a  reticu- 
lated arrangement  was  seeu,  and  the  crypts  constituted  the 
interstices  of  the  reticulum.  As  these  trabeculaB  were  formed 
of  the  thickened  mucous  membrane  of  the  placental  area>  they 
were  necessarily  composed  of  the  somewhat  modified^  tissues  of 
that  membrane.  On  the  surface  was  a  definite  layer  of  epithe- 
lium, the  cells  of  which  were  short  colunms,  with  distinct, 
circular  or  ovoid,  brightly-refracting  nuclei.  These  cells  rested 
on  a  delicate  sub-epithelial  connective  tissue  in  which  the 
maternal  capillaries  ramified. 

The  trabeculas  and  the  sub-mucous  connective  tissue  were 
carefully  examined  with  the  object  of  ascertaining  their  relations 
to  the  tubular  glands.  In  vertical  sections  the  glands  were  dis- 
tinctly seen,  transversely  or  obliquely  divided,  lying  in  a  definite 
layer  of  connective  tissue  situated  deeper  than  the  crypts. 
Sometimes  the  divided  glands  were  separated  by  comparatively 
broad  bands  of  connective  tissue  from  the  crypts  and  trabecular 
structure,  but  in  other  places  they  were  immediately  subjacent. 
They  were  lined  by  a  well-defined  columnar  epithelial  layer.  I 
looked  for  the  stems  of  the  glands  to  see  if  I  could  ascertain 
whether  they  opened  into  the  crypts  or  passed  along  the  trabe- 
culse  to  open  on  the  free  surface  of  the  mucosa,  but  did  not 
succeed  in  tracing  them  to  their  orifices. 

As  it  was  important  however  to  ascertain  if  the  crypts 
equalled  in  number  in  a  given  area  the  glands  of  the  mucosa 
in  the  same  area,  or  if  the  crypts  much  exceeded  in  number 
the  glands,  I  submitted  different  parts  of  the  mucosa  of  the 

^  EnttcieUungsgeschichte  des  IIunde-Eies,  1845. 
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gravid  uterus  of  this  cat  to  microscopic  examination,  and  com- 
pared the  appearances  seen  with  those  presented  by  the  mucosa 
of  the  non-impregnated  uterus.  In  the  non-gravid  cat  the 
stems  of  the  glands  were  almost  perpendicular  to  the  free  sur- 
face of  the  mucosa.  They  were  so  tortuous  at  their  deeper 
ends  as  to  he  repeatedly  cut  across  in  a  vertical  section  through 
the  membrane.  The  interglandular  connective  tissue,  contain- 
ing numerous  corpuscles,  formed  well-marked  bands  between 
the  glands.  Vertical  sections  made  through  the  mucosa  lining 
the  constrictions  between  the  compartments  of  the  uterus  of 
this  gravid  cat  showed  the  tubular  glands  to  be  on  the  average 
^th  wider  than  in  the  non-gravid  condition,  the  interglandular 
connective  tissue  was  much  smaller  in  quantity,  so  that  the 
glands  were  more  closely  crowded  together;  but  in  the  placental 
area  of  the  mucosa  of  the  same  cat  the  interglandular  tissue 
was  greatly  increased  in  quantity,  so  that  the  glands  were 
much  further  apart.  The  glands  themselves  were,  as  in  the 
non-placental  area,  dilated,  but  the  number  of  glands  seen  in 
the  sections  did  not  nearly  equal  the  number  of  crypts. 

In  a  cat's  ovum,  which  had  reached  a  somewhat  more 
advanced  stage  of  development,  where  the  long  diameter  of 
the  uterine  compartment,  measured  along  the  arc,  was  1^  inch, 
I  found  that  the  villi  of  the  chorion  readily  disengaged  from 
the  uterine  crypts.  By  far  the  larger  part  of  the  chorion  was 
still  villous,  not  more  than  f^ths  inch  at  each  pole  being 
smooth.  The  line  of  demarcation  between  the  placental  and 
non-placental  polar  areas  of  the  mucosa  was  very  distinct.  The 
placental  area,  or  the  hypertrophied  and  spongy  mucosa,  pos- 
sessed a  reticulated  appearance,  the  principal  strands  of  which 
were  sinuous,  and  gave  oflf  numerous  collateral  branching  off- 
shoots, which  joined  adjacent  branches  to  form  the  walls  of  the 
numerous  pits  or  crypts  which  opened  on  the  surface.  The 
strands  and  branches  were  larger  and  the  pits  and  crypts  were 
more  dilated  than  in  the  younger  ovum  already  described,  and 
on  looking  down  the  larger  pits,  their  subdivision  into  smaller 
crypts  could  be  seen.  The  crypts  were  lined  by  an  epithelium, 
numbers  of  the  cells  of  which  possessed  a  columnar  form, 
though  others  were  swollen  and  otherwise  altered  in  shape, 
so  as  to  be  irregularly  polygonal.     The  cell-protoplasm  was 
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granular  and  the  nucleus  was  distinct.  The  sub-epithelial 
connective  tissue  was  vascular.  When  vertical  sections  were 
made  through  the  placental  area  the  more  dilated  size  of  the 
crypts  and  pits  than  in  the  younger  specimen  was  distinctly 
recognised,  being  thus  in  conformity  with  the  larger  size  of  the 
chorionic  villi.  Between  the  deeper  closed  end  of  the  crypts 
and  the  muscular  coat  was  a  definite  layer  in  which  portions  of 
gland-tubes,  lined  by  an  epithelium,  some  of  which  were  trans- 
versely, others  obliquely  divided,  could  be  seen.  The  glands 
were  dilated  as  in  the  younger  specimen,  and  not  so  numerous 
as  the  crypts,  neither  could  I  obtain  satisfactory  evidence  of  the 
communication  of  the  mouths  of  the  glands  with  the  crypts. 
I  am  led  therefore  to  the  conclusion  that  the  crypts  formed  in 
the  early  period  of  gestation  in  the  placental  area  of  the  cat  are 
not  due  to  a  mere  widening  of  the  mouths  of  the  tubular 
glands ;  but  are  produced,  as  in  the  pig  and  mare,  by  a  great 
increase  in  the  amount  of  the  interglandular  part  of  the 
mucosa,  which  becomes  folded  so  as  to  form  the  crypt-like 
arrangement  which  I  have  just  described.  In  this  respect^ 
therefore,  my  observations  agree  with  those  of  Ercolani  on 
the  same  animal\  The  interpretation,  therefore,  which  Erco- 
lani and  I  have  put  on  the  appearances  seen  in  the  placental 
area  of  the  cat  in  the  early  stage  of  gestation  differs  from  that 
given  by  Dr  Sharpey  on  the  appearance  seen  in  the  uterine 
mucosa  of  the  bitch  at  a  similar  stage.  As  is  so  well  known, 
Dr  Sharpey  held  that  the  pits  and  "cells"  (crypts)  seen  on  the 
inner  surface  of  the  uterus,  which  receive  the  villi  of  the 
chorion,  are  the  mouths  of  the  utricular  glands  enlarged  and 
widened.  It  is  possible  that  in  the  cat,  as  in  the  Orcay  the 
utricular  glands  may  open  into  some  of  the  crypts,  so  as  to 
seem  to  justify  the  inference  that  they  were  formed  by  a 
widening  of  the  mouths  of  the  pre-existing  glands.  But  this 
interpretation  obviously  cannot  be  given  of  the  formation  of 
those  crypts  which  are  interglandular  in  position.  Hence  it 
seems  to  be  more  in  conformity  with  the  structural  arrange- 
ments of  the  organ  to  conclude,  that  the  crypts  which  arise 
in  the  uterine  mucosa  during  pregnancy  are  new  formations, 

1  Mem.  deW  Accad,  delle  Scietue  di  Bologna,  1870,  Plates  S,  3,  4. 
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produced  by  a  great  hypertrophy  and  folding  of  the  surface 
of  the  mucous  membrane. 

When  the  ovum  of  a  cat,  which  had  completed  about  one- 
half  the  period  of  gestation  was  examined,  a  most  important 
advance  in  placental  formation  was  observed.  The  zonary  villous 
band  on  the  chorion  was  restricted-  to  its  middle  third,  and  an 
equally  large  smooth  surface  was  found  at  each  pole.  The  zone 
on  the  dioiion  was  now  se  completely  interlocked  with  the  cor- 
responding zone  in  the  uterine  mucosa,  that  the  two  surfaces 
could  not  be  detached  from  each  other.  The  placenta  could 
only  be  separated  by  rupturing  the  slender  marginal  band  of 
decidua  refleza^  and  tearing  through,  or  altogether  pulling  off, 
the  placental  area  of  the  mucosa,  which  area  was  intermediate 
between  the  placenta  proper  and  the  muscular  coat  of  the 
uterusy  and  formed*  a  well-defined  decidua  serotina. 

The  villi  of  the  chorion  had  the  form  of  broad  sinuous  leaf- 
lets, which  became  attenuated  at  their  uterine  ends  and  gave 
off  bud-like  of&ets  from  the  free  border.  When  vertical  sec- 
tions were  made  through  the  placenta  the  villi  were  seen  to 
pass  vertically  through  the  organ  up  to  its  uterine  aspect 
The  trabeculsB  of  maternal  tissue,  which  formed  the  walls  of 
the  pits  or  crypts  in  which  the  villi  were  lodged,  passed  between 
the  villi  up  to  the  chorion,  and  closely  followed  the  sinuosities 
of  the  villi,  so  as  to  form  an  intimate  investment  for  them,  and 
in  horizontal  sections  through  the  oigan  they  were  seen  to  be 
arranged  as  a  series  of  laminse,  winding  in  a  sinuous  manner 
between  the  leaf-like  villi.  Between  the  placenta  proper  and 
the  muscular  coat  was  a  well-defined  layer  of  serotina,  equal 
in  thickness  to  the  muscular  coat  itself.  It  was  traversed  by 
the  numerous  blood-vessels  which  passed  into  and  out  of  the 
placenta,  and  which  formed  not  unfrequent  anastomoses  with 
each  other.  The  decidua  serotina  consisted  not  only  of  the 
vascular  connective  tissue,  but  of  the  epithelial  cells  of  this 
part  of  the  mucosa,  which  were  similar  in  character  to  those 
described  in  the  preceding  stage  of  development.  In  thin 
sections,  tubes,  lined  by  an  epithelium,  were  seen  cut  trans* 
versely  or  obliquely;  they  were  about  equal  in  diameter  to 
the  gland-tubes  seen  in  the  serotina  i|i  a  less  advanced  stage 
of  gestation,  and  were  without  doubt  the  dilated  glands  of  this 
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portion  of  the  mucosa.  It  may  here  be  stated,  that  in  the 
non-placental  area  of  the  same  uterus  the  tubular  glands  were 
distinctly  seen  separated  from  each  other  by  comparatively 
wide  intervals  of  interglandular  tissue.  The  chorionic  villi 
dipped  into  depressions  in  the  decidua  serotina,  and  were  in 
contact  with  its  epithelium.  The  trabecular  and  laminse 
situated  in  the  substance  of  the  placenta  were  also  continuous 
with  the  serotina  and  were  invested  by  an  epithelial  layer,  the 
cells  of  which  were  modified  columns,  like  the  cells  of  the 
decidua  serotina.  The  blood-vessels  of  the  serotina  entered 
the  laminae  and  trabeculsB  and  ramified  in  them  throughout 
the  maternal  part  of  the  placenta.  In  the  placenta  of  one  of 
the  embryos,  where  the  maternal  vessels  were  injected,  they 
formed  a  network  of  capillaries  of  ordinary  magnitude.  In  the 
other  placentae  from  the  same  uterus  the  maternal  capiUaries 
when  injected  with  red  gelatine  were  dilated  to  two  or  three 
times  the  size  of  the  capillaries  in  the  foetal  villi,  and  ascended 
almost  vertically  in  the  trabeculae.  Not  unfrequently  near  the 
chorionic  surface  they  dilated  into  sinus-like  enlargements, 
which  were  crowded  with  blood-corpuscles.  It  is  possible  that 
these  dilatations  may,  to  some  extent,  have  been  due  to  the 
force  employed  in  filling  the  maternal  vessels  with  injection, 
but  this  will  not,  I  think,  account  for  the  whole  extent  of  the 
dilatation  \  The  vessels  of  the  capillary  network  of  the  fcetal 
villi  were  injected  with  a  blue  colour  and  showed  no  dilata- 
tions; and  the  contrast  between  the  two  systems  of  vessels 
within  the  organ  was  well  seen  both  in  horizontal  and  vertical 
sections. 

The  placenta  of  a  cat,  shed  in  the -ordinary  course  of  partu- 
rition, was  covered  on  its  uterine  surface  by  a  layer  of  soft 
yellowish-white  tissue,  which  was  smooth  and  uniform  in 
character,  and  was  without  any  flocculent,  ragged  processes  pro- 
jecting from  it.  This  layer  was  the  deciduous  serotina,  and 
from  it  laminse  and  trabeculae  passed  into  the  substance  of  the 
placenta,  which  had  a  similar  sinuous  arrangement  and  relation 
to  the  fcBtal  villi  as  in  the  placenta  at  half  time.  Examined 
microscopically,  the  vascular  connective  tissue  of  the  serotina 

^  The  dilatation  of  the  maternal  vo.sbcIs  in  the  feline  placenta  has  also  been 
referred  to  by  ERcbrioht  and  other  obHorvurb. 
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with  its  epithelial  investment  was  recognised,  but  as  it  was  not 
possible  in  a  detached  placenta  to  inject  the  maternal  blood- 
vessels their  disposition  could  not  be  made  out.  I  examined 
thin  sections  through  the  serotina  for  the  presence  of  utricular 
glands.  I  saw  indistinct  appearances  of  tubes  transversely  or 
obliquely  divided,  which  might  be  interpreted  as  tubular  glands, 
but  the  aggregation  of  cells  within  and  around  them  was  so 
great  that  it  was  difficult  to  speak  positively  on  this  point. 
The  chorionic  system  of  foetal  blood-vessels  was  injected,  and 
the  leaf-like  villi,  with  their  remarkable  compact  capillary 
plexus,  were  readily  seen.  On  examining  with  a  pocket-lens 
the  uterine  surface  of  the  serotina,  many  minute,  rounded, 
scattered  holes  were  seen  in  it,  through  each  of  which  a  ter- 
minal bud  of  a  leaf-like  villus  projected  so  as  to  reach  the 
uterine  surface  of  the  placenta.  These  buds  were  often  clavate 
in  form,  and  contained  a  capillary  plexus,  continuous  with  that 
of  the  body  of  the  villus.  It  is  clear,  therefore,  that  when  the 
placenta  of  the  cat  is  shed  at  the  time  of  parturition,  a  con- 
tinuous layer  of  serotina,  interrupted  only  by  these  minute 
orifices,  is  shed  along  with  it. 

The  presence  of  a  layer  mveatbg  the  uterine  surface  of  the 
cat's  placenta,  analogous  to  the  caducous  layer  of  the  human 
placenta^  was  distinctly  recognised  by  Eschricht ;  who  also  de- 
scribed the  thin,  perpendicular,  flexuose  laminsB  of  maternal 
structure  passing  through  the  entire  thickness  of  the  organ  and 
investing  the  foetal  villi  as  if  with  sheaths^.     Though  Eschricht 
was  at  first  inclined  to  the  view  that  the  layer  investing  the 
uterine  surface   of  the  placenta  was   nothing  else  than  the 
mucous  tissue  of  the  uterus,  further  consideration  led  him  to 
state  that  it  altogether  differed  from  that  tunic.     But  he  also 
came  to  the  conclusion  that  the  mucous  tunic  was  left  entire  in 
the  placental  zone,  exhibiting  only  torn  and  broken-off  vessels. 
There   can  be   no  doubt  however,  from   its   position  and 
structure,  that  this  layer  is  the  mucosa  of  that  part  of  the  uterus 
which  corresponds  to  the  placental  zone,  for  it  and  the  intra- 
placental  laminse  and  trabeculae  are  merely  a  more  advanced 
condition  of  the  crypt-like  modification  of  the  mucosa,  which  I 
have  described  in  the  earlier  stages  of  placental  formation  in 

^  Be  Organitf  &c.,  pp.  14,  IS. 
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this  animal.  Is  the  whole  thicknefls  of  the  mucosa  correspond- 
ing to  the  placental  zone  shed  along  with  the  placenta?  or  is 
thLs  layer  merely  the  superficial  part  of  the  memhrane  ?  are 
questions  which  may  now  be  asked.  These  of  course  can  only 
be  satisfiactorily  answered  after  the  uterus  of  a  cat  killed  imme- 
diately after  parturition  has  been  examined.  But  I  may  state 
that,  in  the  uterus  of  the  cat  in  the  mid-period  of  gestation,  I 
found,  on  peeling  off  the  placenta,  that  the  serotina  did  not 
split  into  two  layers,  the  one,  a  deciduous  serotina  attached  to 
the  placenta^  the  other,  a  non-deciduous  serotina  remaining  con- 
nected to  the  uterine  wall,  but  that  the  whole  thickness  of  the 
serotina  came  away  with  the  placenta,  leaving  the  muscular 
coat  exposed ;  moreover,  the  uterine  sur&ce  of  the  placenta  pre- 
sented a  smooth  surface  precisely  similar  to  that  exhibited  by 
the  organ  when  shed  at  the  full  time.  A  similar  separation 
also  took  place  more  than  once  in  the  process  of  injecting  the 
vessels  of  the  gravid  uterus. 

Though  the  placenta  in  the  Bitch,  as  in  the  cat,  possesses 
the  zonary  form,  yet  its  minute  structure  in  the  two  animals 
presents  sufficient  differences  to  enable  the  anatomist  readily  to 
distinguish  the  one  from  the  other.  If  the  description  and  figures 
by  Sharpey  and  Bischoff  of  the  early  stages  of  formation  in  the 
bitch  be  compared  with  the  corresponding  stages  in  the  cat,  a 
dose  resemblance  is  seen;  but  in  the  more  advanced  stages 
characteristic  differences  can  be  recognised. 

In  the  Bitch,  both  at  half  and  full  time,  when  the  placenta 
was  stripped  off  the  uterine  zone,  a  distinct  mucous  membrane 
was  left  on  the  uterus,  which  was  continuous  at  the  margins  of 
the  zone  with  the  narrow  band  of  decidua  reflexa  and  through  it<, 
with  the  mucosa  covering  the  non-placental  area.  This  zonaiy 
mucous  membrane  was  subdivided  into  numerous,  irregularly 
polygonal  pits  or  trenches,  bounded  by  folds  of  the  mucous 
membrane.  These  folds  had  a  ragged,  flocculent  appearance. 
The  membrane  was  very  vascular,  and  at  the  ragged  edges  of 
the  fold  numerous  torn  blood-vessels  were  seen.  When  ex- 
amined microscopically  the  free  surface  not  only  of  the  pits  and 
trenches,  but  of  the  folds,  was  seen  to  be  covered  by  a  layer  of 
cells — ^the  epithelium  of  the  mucous  membrane — which  rested 
on  the  vascular  sub-epithelial  connective  tissue.     When  this 
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epithelium  was  looked  at  firom  the  surfaoei  a  pattern  of  poly- 
gonal ceUs  was  seen  like  the  firee  ends  of  columnar  epithelium; 
but  the  cells  were  bigger  than  one  usually  finds  this  form  of 
epithelium  to  be,  and  had,  more  especially  in  the  uterus  at  full 
time,  a  distinct  yellow  colour,  as  if  the  cells  were  undergoing 
fatty  degeneration.  When  the  cells  were  scraped  off,  so  as  to 
be  seen  in  profile,  their  columnar  form  was  easily  recognised. 
As  this  mucous  membrane  was  not  detached  from  the  uterus 
along  with  the  placenta  it  is  to  be  regarded  as  a  non-deciduous 
serotina. 

The  uterine  surface  of  the  placenta  also  had  a  ragged  ap- 
pearance, for  the  numerous  folds  of  the  mucous  membrane  had 
entered  the  placenta,  and,  when  it  was  stripped  off,  their  torn 
ends  were  seen  on  its  outer  surface,  but  the  flocculent  appearance 
was  still  further  increased  by  the  free  ends  of  the  chorionic 
villi,  which  reached  the  surface.  The  prolongations  of  the 
mucous  folds  entered  the  placenta  at  a  multitude  of  points  in 
the  interspaces  between  the  villi,  and  as  they  ascended  to  the 
chorion  they  branched  repeatedly,  so  as  to  give  investments  to 
the  branches  of  the  villi  of  the  chorion.  These  intra-placental 
prolongations  of  the  mucosa  consisted  of  sub-epithelial  con* 
nective  tissue,  in  which  the  maternal  vessels  ramified,  and  of  an 
epithelium  composed  partly  of  columnar  cells,  and  partly  of 
cells  the  regular  columnar  form  of  which  had  been  modified 
into  irregular  polygons.  These  ceUs  were  larger  and  more  dis- 
tinct than  the  cells  on  the  corresponding  structures  in  the  cat, 
and  their  protoplasm  was  so  very  granular  as  in  many  cases  to 
obscure  the  nucleus.  These  prolongations  of  maternal  tissue 
constituted  a  deciduous  serotina.  The  shed  placenta  of  the 
bitch,  whilst  possessing  in  its  substance  numerous  prolongations 
of  maternal  tissue  not  unlike  those  previously  described  in  the 
cat,  yet  differs  from  the  latter  animal,  as  has  also  been  pointed 
out  by  Prof.  Bolleston^  in  the  absence  of  a  continuous  layer  of 
deciduous  serotina  on  its  uterine  aspect. 

The  chorionic  villi  in  the  bitch  were  arborescent  and  not 
leaf-like  as  in  the  cat.  They  terminated  in  short  villous  tufts. 
The  umbilical  arteries  ended  in  a  compact  capillary  plexus. 

^  Trans.  Zool.  Soc.  v.  1868. 
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The  villi  were  in  close  contact  with  the  epithelial  cells  investing 
the  intra-placental  prolongations  of  the  mucous  membrane. 

I  may  now  relate  some  observations  which  I  have  made  on 
the  glands  in  the  non-gravid  uterine  mucous  membrane  of  the 
bitch.  It  is  well  known  that  two  kinds  of  glands  were  described 
by  Dr  Sharpey^in  the  uterine  mucous  membrane  of  this  animal, 
viz.  short,  simple,  unbranched  tubes,  and  compound  tubes  having 
a  long  duct  dividing  into  convoluted  branches,  both  kinds  open- 
ing close  together  on  the  surface  of  the  mucosa.  These  obser- 
vations were  supported  by  Weber  and  Bischoff,  and  generally 
accepted  by  anatomists  and  physiologists;  but  Prof.  Ercolani 
of  Bologna,  in  his  first  memoir  on  the  Structure  of  the  Placenta^ 
stated  his  inability  to  distinguish  more  than  one  kind  of  gland, 
and  concluded  that  only  the  long  tubular  glands  were  present 
I  have  felt  it  necessary  therefore  carefully  to  examine  the 
uterine  mucous  membrane  of  the  unimpregnated  bitch  with 
reference  to  this  question.  On  a  surface  view  the  mouths  of 
the  glands  could  be  distinctly  seen  closely  crowded  together,  as 
is  so  well  represented  in  Dr  Sharpey's  figure  (fig.  209),  and 
in  Bischoff's  memoir  {Entwicklungsgeschickte  dea  Htrnde-Eies, 
Plate  XIV.  Fig.  47).  When  horizontal  sections  were  made  through 
the  membrane  near  its  surface  the  glands  were  seen  to  be  trans- 
versely divided,  and  so  closely  set  together  that  the  interval 
between  any  two  adjacent  glands  was  in  some  cases  not  equal 
to,  in  other  cases  about  equal  to,  the  transverse  diameter  of  a 
gland-tube ;  further,  all  the  gland-tubes  in  any  given  transverse 
section  exhibited  the  same  structural  charactera  When  vertical 
sections  through  the  membrane  were  examined,  long  compound 
tubular  glands  were  readily  seen  passing  into  the  deeper  part 
of  the  mucosa,  and  between  these,  short  and  simple  tubes  were 
also  recognised,  so  that,  under  low  magnifying  powers,  at  first 
sight  these  sections  seemed  to  confirm  the  observations  of 
Sharpey,  BischoflF  and  Weber,  which  were  made  under  magni- 
fying powers  of  10  and  12  diameters.  When  magnified  more 
highly  these  apparently  short  simple  glands  were  seen  to  vary 
considerably  in  length,  some  dipping  for  only  a  short  distance 

^  Baly'B  Translation  of  MUlUr's  Physiology,  Note,  p.  1576. 
'  Mimoire  tur  let  Glande$  Utrundaires  de  VUtfnu,  p.  22,  French  Transla- 
tion, Algiers,  1869. 
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from  the  sorfisLce  of  the  mucosa^  others  for  a'greater  distance,  and 
exhibiting  indeed  every  gradation  in  length  up  to  the  branched 
tubular  glands  themselves.  But  in  the  connective  tissue,  imme- 
diately below  the  short  glands,  portions  of  tubes  were  seen 
extending  in  line  with  the  short  tubes  though  apparently  not 
continuous  with  them,  but  often  with  careful  focussing  a  con- 
tinuity could  be  traced,  though  obscured  by  overlying  connective 
tissue.  I  am  therefore  of  opinion  that  the  utricular  glands  in 
the  bitch,  as  in  so  many  other  mammals,  lie  in  the  mucosa, 
some  almost  vertically,  others  in  various  degrees  of  obliquity,  so 
that,  when  vertical  sections  are  made,  some  are  cut  short  acros8> 
others  longer,  whilst  others  again  may  be  seen  in  almost  their 
entire  length.  I  conclude  therefore  that  all  the  glands  belong 
to  the  type  of  compound  tubular  glands,  that  the  apparent 
differences  in  length  are  simply  due  to  the  mode  in  which  the 
glands  are  cut  across  in  making  the  section,  and  that  the 
physiological  division  proposed  by  Bischoff  into  simple  mucous 
crypts  and  proper  tubular  glands  cannot  be  supported. 

From  a  dissection  which  I  have  made  of  the  gravid  uterus 
of  a  Fox  at  about  the  mid-period  of  gestation,  I  have  satisfied 
myself  that  it  corresponds  in  many  respects  with  the  bitch, 
though  with  specific  differences.  The  uterine  mucosa  remained 
on  the  uterus  when  the  placenta  was  stripped  off,  and  possessed 
pits  or  trenches  with  intermediate  ragged  folds.  The  uterine 
.face  of  the  placenta  was  flocculent,  owing  to  the  prolongations  of 
the  folds  into  the  substance  of  the  placenta  being  torn  across  in 
the  process  of  separation.  These  prolongations  entered  the 
placenta  at  a  number  of  points,  and  passed  with  a  sinuous 
course  up  to  the  chorion,  and  gave  off  many  branches,  which 
not  unfrequently  were  arranged  as  an  anastomosing  reticulum, 
in  the  meshes  of  which  the  lateral  offshoots  of  the  villi  were 
lodged.  They  were  very  vascular  and  their  vessels  were  larger 
than  ordinary  capillaries.  Compared  with  the  capillaries  of 
the  foetal  villi  they  were  from  twice  to  four  times  as  big,  so 
that  they  may  be  regarded  as  indicating  the  early  stage  of  a 
dilatation  into  maternal  sinuses,  such  as  is  still  more  clearly 
seen  in  the  sloth,  and  reaches  its  maximum  development  in  the 
human  placenta.  Many  of  these  vessels  ran  vertically  through 
the  placenta,  so  that  when  horizontal  sections  were  made  through 
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the  organ,  they  were  seen  in  transverse  section.  In  many  cases 
these  transversely  divided  vessels  were  surrounded  by  a  ring 
of  cells — ^the  epithelial  investment  of  the  process  of  maternal 
tissue  in  which  the  vessel  lay — ^which  showed  that  the  process 
only  contained  a  single  dilated  capillary.  The  epithelial  cells 
investing  the  intra-placental  prolongations  of  the  decidua  were 
remarkably  large  and  distinct,  and  on  the  average  about  ^th  or 
even  |rd  as  large  as  the  corresponding  cells  in  the  bitch.  The 
fox  therefore,  like  the  bitch,  has  no  continuous  layer  of  modified 
mucosa^  such  as  is  seen  in  the  cat,  on  the  uterine  face  of  the 
separated  placenta.  The  villi  of  the  chorion  had  an  arborescent 
arrangement,  and  gave  off  both  lateral  and  terminal  offshoots 
in  which  a  network  of  capillaries  ramified. 

I  have  studied  the  zonary  placenta  of  the  Pinnepedia  in 
the  Orey  Seal,  Halichcertis  gryphus,  a  specimen  of  which,  in  the 
sixth  month  of  gestation,  I  examined,  in  1872.  In  this  animal, 
as  in  the  dog  and  fox,  when  the  placenta  was  peeled  off  the 
uterus,  a  well-defined  layer  of  mucous  membrane  was  left  on 
the  muscular  coat,  which  layer  presented  on  its  placental  aspect 
numerous  irregular  pits  and  trenches,  in  which  the  convoluted 
folds  of  the  placenta  had  fitted.  From  this  layer  numerous 
broad  laminae  of  the  mucosa  were  prolonged  into  the  placenta, 
not  however,  as  in  the  dog  and  fox,  irregularly  over  its  uterine 
surface,  but  by  means  of  a  definite  series  of  fissures.  The 
laminsB  dipped  into  the  substance  of  the  placenta,  as  the  pia 
mater  dips  between  the  convolutions  of  the  cerebrum,  and  the 
fissures,  which  they  entered,  may  from  their  size  be  called 
primary.  Each  convoluted  fold  of  the  placenta  was  split  up 
into  elongated  plates  by  secondary  fissures,  into  which  processes 
of  the  mucosa,  derived  not  only  from  the  broad  laminae,  but 
from  the  mucosa  in  contact  with  the  uterine  face  of  the  convo- 
lutions, penetrated.  Each  plate  was  again  subdivided  into 
polygonal  lobules  by  tertiary  fissures,  into  which  more  delicate 
processes  of  the  mucosa  entered,  which  could  be  traced  through 
the  thickness  of  the  placenta  up  to  the  chorion.  In  drawing 
the  placenta  away  from  the  uterus  the  laminae  were  drawn  out 
of  the  primary  fissures^  but  the  more  delicate  processes,  which 
entered  the  secondary  and  tertiary  fissures,  were  torn  through, 
and  remained   in  the  substance  of  the  placenta,   entangled 
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between  the  placental  lobnles  and  amidst  the  foetal  villL  The 
placenta  of  the  seal  when  remoyed  from  the  uterus  had  not  on 
its  uterine  face  a  continuous  layer  of  mucosa,  as  is  seen  in 
the  cat. 

The  layer  of  membrane  left  on  the  surface  of  the  uterine 
zone  had  all  the  structural  characters  of  a  mucous  memhrane. 
The  free  soAce  was  covered  hy  a  layer  of  short  columnar 
epithelial  ceUs;  the  sub-epithelial  connective  tissue  was  very 
vascular  and  contained  scattered,  branched,  tubular  glands.  The 
vascularity  of  the  membrane  was  considerably  greater  than  that 
of  the  mucosa  of  the  non-placental  area.  The  broad  laminsB  of 
this  membrane  had  a  similar  structure.  The  more  delicate 
secondary  and  tertiary  processes  consisted  of  a  vascular  con- 
nective tissue  covered  by  a  columnar  epithelium,  but  without 
glands. 

The  villi  of  the  chorion  were  long  and  very  arborescent, 
and  formed  the  polygonal  lobules  already  described.  The  laiger 
branches  of  a  villus  reached  the  periphery  of  a  lobule,  and 
instead  of  terminating  in  a  cluster  of  bud-like  off-shoots,  the 
ends  of  many  of  the  branches  derived  from  the  same  parent 
stem  were  joined  together  so  as  to  form  a  continuous  layer  of 
grey  membrane,  situated  not  only  on  the  uterine  surface  of 
the  lobule,  but  reaching  for  some  distance  down  its  sides. 
From  the  sides  of  the  stem  of  the  villus,  as  well  as  from 
its  branches,  multitudes  of  villous  tufts  arose.  The  prolonga- 
tions of  the  maternal  mucosa  which  passed  into  the  lobules  so 
as  to  come  in  contact  with  the  villous  tufts,  were  not  derived 
directly  friom  the  non-deciduous  layer  of  mucosa  investing  the 
niuscular  coat,  for  the  gi^yish  membrane  situated  on  the  ute- 
rine face  of  the  lobule  prevented  a  direct  entrance.  The  intra- 
lobular maternal  tissue  arose  from  the  processes  which  entered 
the  secondary  and  tertiary  fissures,  which  gave  off  lateral 
branches  into  the  lobules.  Within  the  lobules  these  branches 
subdivided  into  a  reticulated  lattice-like  arrangement  of  sinu- 
ous trabecule,  and  the  meshes  of  this  reticulum  were  occupied 
by  the  villous  buds.  The  trabeculse  had  the  same  structure  as 
the  processes  of  the  mucosa  from  which  they  were  derived. 
The  seal  therefore  in  the  reticulated  arrangement  of  those 
portions  of  its  mucosa,  which  are  in  direct  contact  with  the 
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terminal  villi,  presents  a  general  correspondence  with  the  fox, 
but  the  subdivision  of  the  mucosa  is  more  complete,  and  the 
cells  of  the  epithelial  investment  are  not  so  big  as  in  the  fox\ 

Although  the  zonary  form"  of  the  placenta  in  Hyrax  capers 
sis  was  pointed  out  many  years  ago  by  Sir  Everard  Home",  and 
although  its  structure  has  been  examined  by  several  anatomists, 
there  is  by  no  means  an  agreement  on  the  exact  relations  of  its 
foetal  and  maternal  portions.  Prof.  Huxley  is  convinced  from 
his  investigations'  that  the  placenta  in  Hyrax  has  such  an 
interblending  of  the  foetal  and  maternal  portions  that  it  is  as 
truly  deciduate  as  that  of  a  Rodent  Prof.  Owen  states^  that 
the  villi  are  imbedded  in  a  decidual  substance,  and  the  surface 
of  attachment  to  the  uterus  is  less  limited  than  in  the  Elephant. 
On  the  other  hand,  M.  H.  Milne-Edwards  describes'  the  pla- 
centa as  only  adhering  very  feebly  to  the  walls  of  the  uterus. 
Its  villi,  he  says,  are  simple,  very  analogous  to  those  of  an 
ordinary  pachyderm.  In  the  midst  of  the  zone  there  are  vascular 
vegetations  engaged  in  corresponding  uterine  cavities,  but  they 
adhere  no  more,  than  do  the  analogous  prolongations  in  the 
ruminant,  to  the  crypts  in  which  they  are  included :  they  can  be 
detached  with  the  same  facility  without  tearing  through  any- 
thing and  without  carrying  away  any  portion  of  uterine  tissue. 
There  is  nothing,  he  concludes,  to  indicate  the  presence  of  a 
caduca,  and  the  allantois  does  not  overstep  the  limits  of  the 
placental  zone'. 

No  observations  have  been  recorded  on  the  structure  of  the 
uterine  mucosa  in  the  gravid  Elephant,  but  Prof.  Owen  has 
described  and  figured  ^  the  foetal  membranes.  The  chorion  was 
encompassed  at  its  middle  by  an  annular  placenta,  2  ft.  6  in.  in 
circumference,  varying  from  3  to  Sin.  in  breadth,  and  from 
1  to  2  in.  in  thickness : 

'  I  have  given  a  detailed  desoription  of  the  placenta  of  this  Seal  in  the 
Trant.  Roy,  Soc.  Edinburgh,  1875,  and  have  figured  not  only  its  straotare,  but 
'that  of  the  cat  and  fox. 

'  Lectures  on  Comparative  Anatomy t  ▼.  325,  PL  61. 

>  Lectures  on  Comparative  Anatomy,  1864,  p.  111. 

♦  Comparative  Anatomy  of  Vertebrates,  in.  742. 

^  Considerations  sur  la  Classijication  des  Mammifhres,  Paris,  18  8. 

*  In  the  June  number  for  1875  of  the  Annales  des  Sciences  NatureU^, 
M.  George  figores  not  only  the  placenta  of  Hyrax,  bat  the  gravid  nterofl.  He 
says  nothing  however  of  its  Btractnre. 

7  Phil.  Trans,  1857,  p.  847. 
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"The  placenta  presents  the  same  spongy  texture  and 
as  does  the  annular  placenta  of  the  Uyrax  and  of  the  Ccvrnivora;  but 
the  capillaiy  filaments  or  viUosities  eucloeing  the  foetal  vessels  enter 
into  its  formation  in  a  lai^r  proportion,  and  are  of  a  relativelj 
coarser  character.  The  greater  part  of  the  outer  convex  surface  of 
the  placenta  is  smooth:  the  rough  surfiice,  which  had  been  torn  from 
the  maternal  or  uterine  placenta,  exposed  the  festal  capillaries, 
and  occupied  chiefly  a  narrow  tract  near  the  middle  line  of  the 
outer  sui^&xse.  A  thin  brown  deciduous  layer  is  continued  from  the 
herders  of  the  placenta,  for  a  distance  vaiying  from  one  to  three 
inches,  upon  the  outer  snr&ce  of  the  chorion.  In  addition  at  each 
of  the  poles  of  the  chorion  was  a  villous  and  vascular  subdrcular 
patch,  between  two  and  three  inches  in  diameter^  the  villi  being  short, 
|th  of  a  line  in  diameter,  or  less." 

This  specimen  is  preserved  in  the  Museum  of  the  College  of 
Suigeons,  London,  and  through  the  courtesy  of  Prof.  Flower 
I  have  been  permitted  to  obtain  a  slice  for  microscopic  exami- 
nation. Notwithstanding  the  number  of  years  the  placenta 
had  been  in  spirit,  I  succeeded  in  passing  some  injection  into 
the  ve^els  of  the  chorion  and  the  larger  trunks  in  the  stems  of 
the  villi,  so  that  I  was  able  to  follow  the  villi  more  precisely 
into  the  substance  of  the  placenta  than  I  should  otherwise  have 
been  able  to  do.  The  placenta  was  very  compact  and  was 
clearly  composed  both  of  a  foetal  and  a  maternal  portion  closely 
interlaced  with  each  other.  Many  of  the  villi  were  of  large 
size  and  passed  through  the  entire  thickness  of  the  organ, 
branching  repeatedly  in  an  arborescent  manner.  Others  again 
were  of  smaller  size,  and  did  not  pass  more  than  one-third 
through  the  organ,  but,  like  the  longer  villi,  branched  repeat- 
edly. The  tissue  of  the  villi  was  delicately  fibrillated,  and  in  it 
ran  the  branches  of  the  umbilical  vessela 

Interlocked  between  the  villi  was  a  tissue,  which  contained 
a  very  distinct  network  of  minute  tubes,  obviously  capillary 
blood-vessels,  and  on  the  surface  of  this  tissue  a  layer  of  cells 
was  seen  with  some  difficulty.  I  succeeded  more  than  once  in 
isolating  a  few  of  these  cells,  and  found  them  to  be  rounded  or 
ovoid,  with  definite  nuclei  and  with  granular  protoplasm.  I 
believe  these  cells  to  be  the  epithelial  covering  of  the  laminae  of 
maternal  mucosa.,  forming  the  walls  of  the  highly-developed 
crypts  in  which  the  villi  were  lodged,  whilst  the  capillary  net- 
work subjacent  to  these  cells,  belonged  to  the  intrarplacental 
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maternal  vascular  system.  Several  times  I  saw  an  appearance 
as  if  the  intra-placental  mucosa  was  split  up  into  a  reticulated 
arrangement  of  trabecule,  similar  to  what  I  have  described  in 
the  seal,  but  from  the  condition  of  the  specimen  it  was  difficult 
to  speak  positively  on  this  point.  There  could  be  no  doubt 
however  that  in  this  separated  placenta  of  the  elephant  a  large 
amount  of  uterine  mucosa  was  inextricably  locked  in  betweea 
the  foetal  villL 

General  Morphologt  of  the  Placenta. — In  the  study 
of  the  morphology  of  the  placenta  in  any  mammal  the  presence 
of  two  parts,  a  fodtal  and  a  maternal,  originally  quite  distinct 
and  separable  firom  each  other,  must  be  clearly  kept  in  view. 

The  morphology  of  the  fcetal  part  presents  no  difficulty.  It 
consists  simply  of  a  vascular  villous  membrane  covered  by  an 
epithelium.  The  sub-epithelial  part  of  the  membrane  is  com- 
posed of  a  delicate  connective  tissue,  containing  numerous 
corpuscles  in  which  the  terminal  branches  of  the  umbilical 
vessels,  with  their  capillary  network,  are  distributed.  The 
vascular  villi  may  be  either  simple  or  branched,  and  in  some  of 
the  mammals,  whose  placentation  has  just  been  described,  e,g. 
the  seal,  the  branching  may  assume  a  highly  arborescent 
arrangement. 

The  morphology  of  the  maternal  part  of  the  placenta  pre- 
sents greater  difficulty,  not  only  because  the  uterine  mucous 
membrane,  out  of  which  it  is  produced,  is  more  complex  in 
structure  than  the  chorion,  but  because  this  membrane  be- 
comes greatly  modified  in  the  course  of  placental  development, 
and  not  unfrequently  becomes  so  interlocked  between  the 
foetal  villi  as  to  be  separated  from  them  with  great  difficulty. 

In  all  the  forms  of  placenta,  along  with  the  growth  of  the 
villi  from  the  surface  of  the  chorion,  depressions  or  crypts  arise 
in  the  uterine  mucosa  for  their  reception,  and  the  walls  of  these 
crypts  are  formed  by  foldings  of  the  hypertrophied  mucosa. 

Li  the  diffused  placenta  the  changes  in  the  uterine  mucosa 
are  less  complicated  than  in  the  other  forms.  The  villi  of  the 
chorion  are  short,  and  branch  but  slightly.  The  crypts  in  the 
uterine  mucosa  are  consequently  shallow,  so  that  the  relations 
of  the  foetal  and  maternal  parts  can  be  easily  seen.    Two  free 
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surfaces  are  in  dose  appositioD^  the  villi  of  the  chorion  fit  into 
the  ciypts  of  the  mucosa^  but  they  can  be  drawn  asunder 
without  difficulty,  so  that  the  compound  nature  of  the  placenta 
can  be  at  once  demonstrated. 

In  the  polycotyledonary  placenta  the  villi  are  longer  and 
more  braoched.  The  pits  or  crypts  for  their  reception  are 
consequently  deeper  and  divided  into  smaller  compartments, 
and  the  maternal  mucosa  in  the  site  of  the  cotyledons  is  more 
hypertrophied,  thicker,  and  more  spongy.  Two  free  surfaces  are 
here  also  in  apposition ;  but  the  length  and  branching  of  the 
villi,  and  the  depth  and  subdivision  of  the  crypts,  render  it 
somewhat  more  difficult  to  draw  the  two  surfaces  asunder  than 
in  the  diffused  placenta. 

In  the  zonary  plcu^enta  as  seen  in  the  Camivora,  Pinnepedia 
and  Elephas^  the  villi  are  long  and  usually  arborescent,  though 
in  the  cat  they  are  leaf-like  and  very  sinuous.  The  foldings 
of  the  uterine  mucosa,  which  have  led  to  the  production  of 
the  crypts,  are  more  complicated,  so  much  so  indeed  in  the 
fox  and  seal,  as  to  give  rise  to  a  remarkable  subdivision  of  the 
membrane  into  a  microscopib  network.  The  two  surfaces  in 
apposition  have  become  so  interlocked  that  it  is  almost  im- 
possible to  disengage  them  from  each  other.  Hence  in  the 
process  of  parturition  more  or  less  of  the  uterine  mucosa  in 
the  placental  area  is  separated  and  shed  in  the  substance  of  the 
placenta. 

The  morphological  elements  in  the  gravid  mucosa  of  all 
mammals,  are,  as  in  the  non-gravid  membrane,  epithelium, 
sub-epithelial  connective  tissue,  blood-  and  lymph- vessels,  glands 
and  nerves.  Of  the  arrangement  of  the  lymph-vessels  and 
nerves  in  the  placenta  we  have  no  precise  information.  The 
epithelium,  the  sub-epithelial  connective  tissue,  and  the  blood- 
vessels form  the  walls  of  the  crypts  in  which  the  villi  are  lodged. 
The  glands  have  no  necessary  relation  to  the  crypts.  In  the 
pig,  as  has  been  shewn  by  Eschricht,  myself,  and  Ercolani ;  in 
the  mare,  as  has  been  pointed  out  by  Ercolani  and  myself ;  and 
in  the  porpoise,  as  has  been  described  by  Eschricht,  the  mouths 
of  tbe  glands  can  be  distinctly  seen  opening  on  the  surface 
of  the  mucosa,  in  smooth  areas  intermediate  to  and  quite 
distinct  from  the  crypts.     In   Orca  gladiator,  though  at  first 
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sight  the  funBel-shaped  ciypts  seemed  to  be  the  dilated  mouths 
of  glands,  yet  further  consideration  has  satisfied  me  that  neither 
they  nor  the  cup-shaped  crypts  are  derived  from  the  glands. 
In  the  BunUnantia,  Eschricht,  Bischoff,  Eroolani  and  I  have 
been  unable  to  see  any  communication  between  the  glands 
and  the  pit-like  crypts  of  the  cotyledons.    In  the  Camivora, 
though,  as  was  interpreted  ky  Sharpey,  Weber,  and  Bischoff, 
the  crypts   seen  in  the  placental  area  in  the  early  stage  of 
gestation  may  seem  to  be  merely  the  mouths  of  the  glands 
enlarged  and  widened,  yet  a  more  minute  analysis  of  the 
structure  shows  that,  though  some  of  the  glands  may,  as  in 
Orca,  open  into  crypts,  yet  that  the  crypts  are  much  more 
numerous  than  the  glands,  and  are  consequently  not  derived 
from  them.    Hence  in  all  these,  and  I  believe  in  other  placental 
mammals,  the  crypts  are  not  modified*  glands,  but  are  inter- 
glandular  in  position.    The  crjrpts  do  not  exist  in  the  non- 
gravid   uterus,  but,  as  was    first   definitely  shown    by  Prof. 
Ercolani,  are  formed  during  pregnancy  by  a  folding  on  itself 
of  the  mucous  membrane. 

The  crypts  are  lined  by  an  epithelium,  which  is  derived 
from  the  epithelial  lining  of  the  uterus :  the  increase  in  the 
number  of  epithelial  cells,,  owing  to  the  greater  magnitude  of 
the  mucous  surface,  being  effected  by  proliferation  of  the  pre- 
existing epithelial  cells.  In  many  mammals  the  cells  lining 
the  crypts  have  the  columnar  form,  like  the  epithelium  of  the 
non-gravid  mucosa^  and  in*  the  pig  the  cells  are  apparently 
ciliated :  but  in  some  mammals  the  columnar  form  is  not  pre- 
served, and  the  cells  are  rounded,  or  polygonal,  and  with  granu- 
lated protoplasm.  These  cells  form  the  cells-  of  the  decidua 
serotina,  and  they  are  homologous  with  the  rounded,  or  poly- 
gonal, colossal,  granulated  cells  of  the  decidua  serotina  in  the 
human  placenta; 

The  connective  tissue  in  the  walls  of  the  crypts  is  derived 
from  the  sub-epithelial  connective  tissue  of  the  non-gravid 
mucosa,  through  a  rapid  increase  in  the  number  of  its  cor- 
puscles, though  it  is  possible  that  there  may  also  be  a  migra- 
tion of  white  blood-corpuscles  into  it.  The  blood-vessels  in  the 
walls  are  continuous  with  the  vessels  of  the  mucosa,  and  are 
greatly  increased  in  numbers.     In  the  diffused  and  polycotyle- 


THE  STRUCTURE  OF  THE  PLACENTA.         169 

donary  forms  of  the  placenta  they  are  arranged  as  a  capillary 
network,  but  in  the  zonary  placenta  they  exhibit  a  tendency 
to  dilate  into  colossal  capillaries,  which  are  the  first  indications 
of  a  maternal  intra-placental  blood-vascular  sinus  system,  such 
as  attains  much  greater  development  in  the  sloth,  and  acquires 
its  maximum  size  in  the  quadrumana^  and  the  human  female. 
The  vascular  connective  tissue  forming  the  walls  of  the  crypts 
constitutes  the  vascular  part  of  the  decidua  serotina,  by  which 
term  is  signified  the  maternal  mucous  membrane  situated 
between  the  foetal  placenta  and  the  muscular  wall  of  the 
uterus ;  or,  in  other  words,  the  maternal  part  of  the  placenta. 
In  the  diffused  form  of  placenta  the  serotina  consists  of  the 
whole  of  the  mucous  surface  in  which  the  crypts  are  met  with. 
In  the  polycotyledonary  it  forms  the  maternal  cotyledons.  In 
the  zonary  placenta  it  consists  of  the  annular  band  of  mucosa, 
with  the  intra-placental  laminae  and  trabeculae. 

As  is  well  known,  the  form  of  the  placenta,  the  arrangement 
of  the  foetal  membranes,  and  the  behaviour  of  the  uterine 
mucosa  at  the  time  of  parturition,  have  been  taken  by  many 
zoologists  as  affording  a  basis  of  classification  of  the  placental 
mammals.  In  1828  von  Baer^  published  a  classification  of 
animals  based  on  their  development.  He  divided  the  placental 
inammalft  into  groups  according  to  the  size  of  the  umbilical 
vesicle  and  aUantois,  and  pointed  out  diversities  in  the  form  of 
the  placenta  in  the  different  genera.  In  1835  Prof.  Weber 
communicated  to  a  meeting  of  German  Naturalists'  a  classi- 
fication of  the  placental  mammals  based  on  the  presence  or 
absence  of  maternal  parts  in  the  separated  placenta.  Where 
the  vascular  folds  or  "  cells"  of  the  uterus  are  so  closely  attached 
to  the  vascular  folds  or  villi  of  the  chorion,  that  they  fall  away 
at  the  birth  of  the  placenta  they  are,  he  says,  ''hinfdllig,  organa 
caduca;"  whilst  in  mammals,  where  the  uterine  and  foetal 
parts  are  so  loosely  attached  that  the  surface  remains  uninjured 
at  birth,  there  are  no  **  zufaUige  organe."  Eschricht  in  his 
essay  published  in  1837'  employs  a  similar  classification,  and 
divides  placental  mammals  into  two  families,  in  one  of  which 

^  Ueber  EniwiekelungBgetehiehU  der  Thiere,  p.  225,  Konigsberg. 
'  Froriep'0  Notizen,  Oct  1885,  p.  90. 
*  De  Organis^  p.  30. 
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the  uterine  placenta  is  caducous,  in  the  other  non-caducous. 
M.  H.  Milne-Edwards  published  a  system  of  classification  in 
1844\  in  which  he  attached  great  weight  to  the  size  and  dis- 
position of  the  allantois  and  the  form  of  the  placenta*  In  a 
subsequent  memoir  published  in  1868'  he  lays  stress  upon  the 
presence  of  a  caduca  uterina  in  mammals  with  a  zonary  or 
discoid  placenta^  and  as  these  animals  lose  blood  at  the  time 
of  birth  he  groups  them  together  under  the  common  term 
HSmatogenitea,  In  1864  Prof.  Huxley,  in  a  Lecture  on  Classi- 
fication', suggested  that  the  terms  deciduate  and  non-deciduate 
were  to  be  preferred  to  caducous  and  non-caducous,  and  arranged 
the  placental  mammals  into  the  groups  Deciduata  and  Non- 
deciduata ;  an  arrangement  which  has  been  adopted  by  several 
subsequent  writers.  By  the  term  Deciduata  is  meant  those 
mammals  which  shed,  along  with  the  foetal  placenta,  more  or 
less  of  the  vascular  constituents  of  the  maternal  mucosa  in  the 
placental  area,  whilst  the  Non-deciduata  do  not  part  with  any 
of  the  mucosa  in  the  act  of  parturition.  A  sharp  line  of  de- 
marcation therefore  is  drawn  between  these  two  groups  of 
mammals.  In  employing  these  terms  it  should  be  distinctly 
kept  in  mind  that  the  same  anatomical  elements  exist  in  both 
types  of  placenta,  and  that  the  shedding  or  non-shedding 
of  maternal  tissue  is  determined  by  the  degree  of  interlacement 
of  the  fcBtal  and  maternal  parts  of  the  organ,  and  not  from  the 
presence  in  the  deciduata  of  structures  which  do  not  exist  in 
the  non-deciduata. 

All  anatomists  agree  in  regarding  the  diffused  placenta  as 
non-deciduate,  for  the  uterine  ciypts  are  so  shallow  that  the 
chorionic  villi  can  be  drawn  out  of  them  with  great  ease ;  and 
the  foetal  membranes  are  shed  in  the  act  of  parturition,  without 
entangling  and  drawing  away  maternal  mucosa. 

^The  polycotyledonary  placenta  is  also  regarded  as  nou- 
deciduate.  But  from  observations  made  on  the  shed  mem* 
branes  of  the  sheep  and  cow,  I  recently  ascertained*  that  inter- 
mingled with  the  villi  of  the  foetal  cotyledons  were  quantities 


1  Ann.  det  Seieneei  NatureUei,  1844,  p.  92. 

*  Con$id4rationi  tur  la  CUuiifieatUm  de$  Mamndjhres,  Paris,  1868,  p.  22. 
'  Elements  of  Comparative  Anatomy,  London,  1864,  p.  103. 

*  Proc,  Roy,  Soe,  Edinburgh,  May,  1876. 
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of  cells,  which  possessed  the  characters  of  the  epithelial  cells  of 
the  pits  and  crypts  of  the  maternal  cotyledons;  so  that  the 
foetal  cotyledons  carried  away  with  them  during  parturition 
portions  of  the  epithelial  lining  of  the  crypts,  and  in  so  far 
therefore  these  animals  are  undoubtedly  deciduate.  But  from 
the  bloody  state  of  the  external  parts  of  the  ewe,  for  some 
hours  after  the  birth  of  the  lamb,  I  think  it  not  improbable 
that  the  disruption  of  some,  if  not  all,  of  the  maternal  coty- 
ledons had  been  deeper  than  an  epithelial  shedding ;  that  the 
maternal  vessels  had,  in  some  places  at  least,  been  torn  across, 
60  as  to  have  occasioned  bsemorrhage. 

There  is  no  difference  of  opinion  as  to  the  deciduate  nature 
of  the  zonary  placenta.  But  it  has  not  been  sufficiently  recog- 
nised that  considerable  variations  occur  in  the  relative  pro- 
portion of  maternal  tissue  which  is  shed  along  with  the  foetal 
placenta.  In  the  seal,  the  dog  and  the  fox  the  decidua  serotina, 
or  mucous  membrane  of  the  placental  zone,  does  not  form  a 
continuous  layer  on  the  uterine  face  of  the  separated  organ.  A 
definite  layer  is  however  left,  when  the  placenta  is  shed,  on  the 
uterine  zone  itself,  which  is  subdivided  into  pits  or  trenches  by 
projecting  folds.  When  the  organ  is  in  situ  these  folds  dip  into 
the  substance  of  the  placenta,  but  are  torn  through  in  the  pro- 
cess of  parturition,  so  that  the  only  portions  of  maternal  tissue 
which  are  shed  are  the  intra-placental  prolongations.  That 
the  membrane  lefk  on  the  uterus  in  the  placental  zone  is  the 
mucosa  is  proved  by  its  vascularity,  the  layer  of  columnar 
epithelium  on  its  free  surface,  and  the  utricular  glands ;  which 
structures,  the  glands  excepted,  are  also  in  the  intra-placental 
prolongations.  In  the  feline  Camivora,  again,  as  illustrated  by 
the  common  cat,  the  mucosa  not  only  sends  prolongations  into 
the  substance  of  the  shed  placenta,  but  forms  a  continuous 
layer  on  its  uterine  surface,  so  that  there  is  a  corresponding 
deficiency  on  the  uterus  itself.  Hence  though  all  the  Camivora 
part  with  a  considerable  portion  of  the  maternal  mucosa  in  the 
separation  of  the  placenta,  yet  they  exhibit  difierences  in  the 
degree  in  which  the  shedding  takes  place.  The  FelidcB  have  a 
higher  grade  of  deciduation  than  the  Canidce,  and  with  the 
hitter  the  Phocidce  correspond.  Hence  the  dogs  and  seals,  in 
their  placental  affinities,  are  less  reinoved  from  the  Cetacea,  the 
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SuidcB  and  the  SoUpedia  than  are  the  cats.  The  pits  and 
trenches  of  the  mucosa,  "which  one  sees  on  the  uterine  zone, 
after  the  separation  of  the  placenta  in  a  seal,  a  fox,  or  a  dog, 
are  obviously  similar  in  their  morphological  characters  to  the 
crypts  of  the  mucosa  of  a  mare,  a  cetacean,  or  other  animals 
with  a  diffused  placenta.  In  the  seal  the  pits  and  trenches 
possess  a  precision  of  form  more  than  is  seen  in  the  dog  and 
fox,  a  cii'cumstance  which  is  undoubtedly  due  to  the  sub- 
division of  the  placenta  of  the  seal  into  definite  minute  lobules. 
The  higher  grade  of  deciduation  in  a  cat  may  perhaps  be  ac- 
counted for  by  the  broadly  laminated  villi,  their  very  sinuous 
form,  and  the  depth  in  the  mucosa  to  which  their  terminal 
bud-like  offshoots  penetrate,  giving  to  the  foetal  part  of  the 
placenta  a  "  grip,"  if  I  may  so  term  it,  over  the  maternal  part, 
as  to  interlock  the  latter  more  firmly  with  the  villi,  and  thus  to 
cause  the  mucosa  to  be  more  completely  shed  in  the  process  of 
parturition. 

In  the  fox  and  seal  the  intra-placental  prolongations  of  the 
mucosa  are  subdivided  into  a  reticulated  arrangement  of  slender 
trabeculae,  each  bar  of  which  contains  only  a  single  dilated 
capillary;  but  in  the  seal  this  subdivision  is  carried  out  to  a 
greater  extent  than  in  the  fox.  In  the  seal  occurs  that  very 
remarkable  anastomosis  of  the  distal  ends  of  the  primary  branches 
of  the  chorionic  villi,  which  gives  to  the  placenta  its  precise 
lobular  subdivision,  and  walls  in  each  lobule  at  its  uterine 
periphery  with  the  greyish  membrane.  From  a  somewhat 
cursory  examination  of  the  placenta  of  the  Phoca  vitulina, 
in  the  Museum  of  the  Royal  College  of  Surgeons  of  England,  it 
appeared  to  me  that  a  similar  membrane  existed  also  in  this 
animal;  so  that  I  am  disposed  to  consider  the  arrangement  as 
one  which  is  of  more  than  generic,  indeed  of  ordinal  value. 

From  the  general  correspondence  in  shape  and  structure 
between  the  placenta  of  the  Finnepedia  and  that  of  the  true 
Camivora,  there  can  be  no  doubt,  that,  in  both  orders,  the 
early  stage  of  formation  is  marked  by  the  production  of  crypts 
in  the  placental  area  of  the  uterine  mucosa.  In  the  grey  seal 
the  villi  of  the  chorion,  which  are  lodged  in  these  crypts,  ac- 
quire, not  only  a  considerable  length,  but  a  highly  arborescent 
form,  and  give  origin  to  multitudes  of  villous  tufts.    As  the 
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branching  and  growth  of  the  villi  proceed  in  the  course  of 
development,  the  crypts  will  necessarily  become  divided  into 
smaller  compartments;  and  as  the  villous  tufts  increase  in 
number  and  size,  the  waUs  of  the  crypts  will  become  no  doubt 
thinned,  until  at  length  they  will  lose  their  uniformly  con- 
tinuous surface,  and  become  subdivided  into  the  reticulated 
arrangement  already  described,  in  the  meshes  of  the  network 
of  which  the  villous  tufts  are  lodged.  That  the  increased  area 
of  the  uterine  mucosa  in  the  pregnant  seal  is  due  to  a  great 
increase  in  the  interglandular  part  of  the  membrane,  is  proved 
by  the  much  wider  separation  of  the  glands  seen  in  both  the 
non-placental  and  placental  areas  of  the  gravid  as  compared 
with  the  non-gravid  uterus  of  H.  Chryphua. 

It  has  been  customary  to  regard  a  placenta  as  deciduate 
only  when  the  vascular  constituents  of  the  uterine  mucosa  are 
shed  with  the  festal  membranea  This  acceptation  of  the  term 
seems  to  me,  however,  to  be  too  limited,  and  does  not  cover  all 
the  cases  in  which  maternal  tissue  is  shed  in  the  separated 
placenta  I  suggest  therefore  that  the  definition  should  be 
enlarged  so  as  to  embrace  those  cases  in  which  epithelium 
alone  is  parted  with,  as  well  as  those  in  which  both  the  epi- 
theUnm  and  the  sub-epithelial  vascular  uterine  tissue  come 
away  in  the  separated  placenta.  In  studying  the  types  of 
placenta  which  have  formed  the  subject  of  this  Memoir  we 
have  passed  by  successive  gradations  from  the  diffused  pla- 
centa, which  is  apparently  non-deciduate,  to  the  polycotyledo- 
nary  placenta  in  which  the  epithelial  layer  of  the  mucosa  only 
has  been  found ;  then  to  the  zonary  placenta  of  the  Canidce  and 
Phoddcd,  where  the  entire  constituents  of  the  intra-placental 
prolongations  of  the  mucosa  are  shed,  but  where  a  well-marked 
layer  of  mucous  membrane  is  left  on  the  uterine  zone;  and 
lastly  to  the  Felidce,  where  apparently  the  entire  mucosa  in  the 
uterine  zone  is  shed  as  a  part  of  the  placenta.  It  follows  there- 
fore that  the  line  of  demarcation  between  a  diffiised  non-deci- 
duate, and  a  zonary  deciduate  placenta,  is  not  so  sharp  as  has 
usually  been  supposed,  but  is  graded  over  by  the  ruminant 
polycotyledonary  placenta,  in  which  the  epithelial  layer  is  the 
prepondemting  if  not  the  only  element  of  the  mucosa  which 
deciduates  during  parturition.     But  to  prevent  misconception 
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it  should  be  stated,  as  indeed  has  been  already  done  by  Owen\ 
Ereolani^  and  myself^  if  not  dnring  parturitiony  at  least  after- 
wards, all  placental  mammak  are  decidaate,  for  in  the  pig, 
mare,  and  cetacean,  '^  daring  the  period  of  involntion  which  fol- 
lows parturition,  it  is  obvious  that  great  changes,  either  from 
actual  shedding  of  portions  of  its  substance,  or  from  degene- 
ration and  interstitial  absorption,  must  take  place  in  the  con- 
stituents of  the  ciypt-layer  before  it  can  be  restored  to  its 
proper  non-gravid  condition*."  In  the  ruminants  also,  the 
thick,  vascular,  spongy  tissue  of  the  maternal  cotyledon  must 
disappear  before  the  uterus  can  assume  its  normal  unimpreg- 
nated  aspect 

Phtsiological  Remabks. — ^The  foetal  placenta  possesses 
an  absorbing  surface ;  the  maternal  placenta  a  secreting  surface. 
The  foetus  is  a  parasite,  which  is  nourished  by  the  juices  of  the 
mother. 

The  absorbing  structures  of  the  foetal  placenta  are  the  villi 
of  the  chorion,  and  the  vessels  they  contain  are  the  struc- 
tures which  transmit  the  materials  absorbed  to  the  foetus. 
In  the  diffused  placenta  the  smooth  inter-villous  part  of  the 
chorion  is  probably  engaged  in  absorption  as  well  as  the  villi 
themselves,  for  in  both  a  capillary  network  is  present.  As  the 
smooth  intercotyledonary  part  of  the  ruminant  chorion,  and  the 
smooth  extra-zonary  part  of  the  zonary  chorion  are  feebly  vas- 
cular, they  are  probably  little,  if  at  all,  engaged  in  absorption. 
Though  the  villi  in  the  cotyledonary  and  zonary  placenta  are 
much  fewer  in  relation  to  the  extent  of  the  chorion  than  in  the 
difiused  placenta,  they  are  longer,  more  branched,  or  more  sinu- 
ous, so  that  the  surface  for  absorption  is  probably  as  great. 

The  illustrious  Harvey  distinctly  recognised  that  the  pla- 
centa prepared  for  the  foetus  alimentary  matters  derived  from 
the  mother;  that  in  the  deer,  for  example,  the  pits  in  the  coty- 
ledons were 

"filled  with  a  muco-albuminous  fluid  (a  circumstaDce  already 
observed  by  Ckden),  and  that  from  this  source  the  ramifications  of 

>  The  Anatomy  of  VerUbrates,  Vol.  m.  p.  727,  1868. 

'  Sur  Ui  Glandet  tUriculairet  de  VUUrui^  &c.  Algiers,  1869. 

>  Trans.  Roy.  8oe.  Edinburgh^  1871,  and  Proceedings,  May,  1875. 
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the  nmbilical  vesseb  abBorbed  the  nutriment  and  carried  it  to  the 
foetus;  jost  aa,  in  animalB  after  their  birth,  the  extremitiea  of  the 
mesenteric  vessels  are  spread  over  the  coats  of  the  intestines,  and 
thence  take  np  chyle  ^^ 

Haller  applied  to  this  fluid  the  name  of  uterine  milk ;  a  term 
whieb  bas  been  adopted  by  miany  subsequent  writers,  and  the 
cotyledons  themselves  bave  been  regarded  as  uterine  mammse. 

By  what  structures  in  the  maternal  placenta  can  this  fluid 
be  secreted  ?  Weber  stated  that  in  the  ruminants  it  was  in  part 
separated  from  the  capillaries  of  the  "cells"  (crypts),  but  that 
in  addition  there  were  uterine  glands.  Eschricht  looked  upon 
the  utricular  glands  as  the  sources  of  the  secretion  of  this  nu- 
trient albuminous  fluid,  whilst  he  apparently  regarded  the 
"  cells"  (crypts)  as  the  places  of  formation  of  ordinary  mucus, 
and  this  conclusion,  at  least  as  regards  the  function  of  the 
glands,,  has  been  adopted  by  various  anatomists.  Signer  Erco- 
lani,  in  his  important  memoirs  on  the  placenta,  has  given  a  new 
aspect  to  this  question*  He  admits  the  presence  of  utricular 
glands  in  the  mucosa,  and  their  increase  in  size  during  preg- 
nancy, but  conceives  that  their  chief  fimction  is  to  furnish 
nutritive  materia  during  t>nly  the  early  stage  of  gestation ; 
and  that  as  soon  as  the  crypts  (or  follicles  as  he  terms  them) 
are  formed,  a  new  glandular  organ  is  produced,  which  prepares 
a  secretion  that  supersedes  that  of  the  utricular  glands. 

On  this  important  subject  a  few  words  will  now  be  said. 
There  can  be  no  doubt  that  the  utricular  glands  are  secreting 
structures,  and  that  they  enlarge  during  pregnancy.  In  the 
difiused  form  of  placenta  they  have  the  appearance  of  being 
structurally  perfect  up  to  the  completion  of  gestation ;  and  in  the 
examples  described  in  this  memoir,  Orca  excepted,  their  secretion 
is  poured  out  so  as  to  be  brought  into  direct  relation  with  the 
inter-villous,  and  not  with  the  villous  portion  of  the  chorion; 
but  as  the  whole  free  surface  of  the  chorion  is  provided  with 
capillaries,  the  one  is  no  doubt  as  capable  of  absorption  as  the 
other,  and  the  glands  are  presumably  active  throughout  intra- 
uterine life.  In  the  polycotyledonary  placenta  thov  utricular 
glands  are  not  situated  in  the  cotyledons,  so  that  the  uterine 
milk  cannot  be  formed  by  them.    They  exist  abundantly  in  the 

1  The  Worki  of  Harvey,  traruUUed  by  Dr  Willis,  p.  562. 
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intercotyledonary  parts  of  the  muoosa,  and  their  secretion  is 
brought  in  contact  with  non-villous,  feebly  vascular  areas  of  the 
chorion,  where  the  power  of  absorption  of  the  chorion  is  proba- 
bly feeble.  In  the  zonary  placenta  the  glands  are  altered,  and 
degenerated  in  the  placental  zone.  In  the  non-placental  area 
they  also  show  a  want  of  stractural  completeness,  and  if  any 
secretion  is  formed  by  them,  it  is  poured  out  in  relation  to  the 
smooth  feebly  vascular  parts  of  the  choriou.  Both  in  the  coty- 
ledonary  and  zonary  forms  this  secretion  is  therefore  of  little  or 
no  importance  in  foetal  nutrition,  when  the  placenta  itself  is 
formed. 

The  crypts  possess  the  structural  characters  of  secreting 
organs.  Each  crypt  is  lined  by  an  epithelium,  descended  from 
the  epithelial  lining  of  the  uterine  mucosa ;  which  from  the  size 
and  appearance  of  the  cells  is  obviously  endowed  with  great 
functional  activity.  This  epithelium  rests  upon  a  highlj-'-vascu- 
lar,  sub-epithelial  tissue,  the  vascularity  of  which  is  doubtless 
proportioned  to  the  amount  of  secretion  formed  by  the  epithelial 
cells.  The  arrangements  of  the  diffused  and  zonary  forms  of 
placentae  are  not  such  as  to  permit  the  secretion  of  the  crypts 
to  be  collected  and  examined  free  from  mixture  with  the  secre- 
tion of  the  utricular  glands.  In  the  polycotyledonary  placenta, 
where  the  spongy  tissue  of  the  maternal  cotyledons  consists  ex- 
clusively of  crypts,  the  secretion  of  uterine  milk  can  not  only  be 
shown  to  be  derived  from  the  crypts,  but  can  be  collected  and 
analysed.  From  the  researches  of  Professors  Pre  vest  ^  Schloss- 
berger*  and  Arthur  Qamgee',  it  has  been  proved  to  contain  fatty, 
saline  and  albuminous  materials  dissolved  in  water,  so  that  from 
its  composition  it  is  well  suited  to  act  as  a  nutrient  material. 
The  appearance  of  these  crypts  in  the  early  stages  of  placental 
formation,  and  their  persistence  throughout  intra-uterine  life, 
though  in  the  zonary  form  they  may  become  somewhat  difficult 
to  recognise,  owing  to  complexities  arising  during  growth,  fur- 
nish evidence  of  their  importance.  The  intimate  relation  which 
they  bear  to  the  villi,  which,  in  the  whole  series  of  placentas 


^  Ann,  des  Sc,  Nat.,  1829,  zn.  p.  157,  ftnd  in  conjanotion  with  M.  Morin 
in  MSm  de  la  Soc.  de  physique  de  Oenhje,  1841,  ix.  p.  235. 
'  Ann,  der  Chemie  und  Pharm.,  1855. 
»  Brit,  and  For.  Medico-Chir.  Review,  1864,  xzzm.  p.  180. 
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described  in  this  Memoir,  are  lodged  within  the  crypts,  shows 
that  the  secretion  they  form  is  in  a  position  best  fitted  for 
being  absorbed  by  the  villi 

Under  the  stimulus  imparted  by  the  presence  of  the  ferti- 
lized 'OYum  the  uterus  undergoes  enormous  development  and 
growth.  The  muscular  coat  increases  so  as  to  provide  an  ar- 
rangement capable  of  expelling  by  its  contraction  the  fcetus, 
when  its  period  of  intra-uterine  development  is  completed 
In  the  mucous  coat  are  developed  multitudes  of  crypts,  in 
which  is  produced  a  secretion  capable  of  nourishing  the  foetus 
during  its  intra-uterine  life. 

But  the  placenta  is  regarded  as  an  oigan,  which  not  only 
provides  nutriment  for  the  {ostua,  but  serves  as  its  respiratory 
apparatus,  and  it  is  believed  that  an  interchange  of  gases  takes 
place  between  the  foetal  and  maternal  blood-vessels.  Undoubt* 
ediy  there  are  many  facts  on  record  which  seem  to  show  that 
the/d?^  in  utero  needs  to  respire,  and  that  the  placenta  is  the 
organ  where  respiration  goes  on.  But  there  is  no  evidence  that 
the  respiratory  changes  during  intra-uterine  life  are  actively 
carried  on.  The  experiments  of  Wm.  Edwards  indeed  show 
that  new-bom  dogs  and  cats  can  resist  asphyxia  for  more  than 
half  an  hour.  The  interposition  of  a  layer  of  secreting  cells 
between  the  two  systems  of  vessels  necessarily  throws  difficul- 
ties in  the  way  of  the  ready  passage  of  gases  from  one  set  of 
vessels  to  the  other. 

The  consideration  of  the  structure  of  the  human  and  the 
discoid  form  of  placenta  generally,  will  be  deferred  until  a  sub- 
sequent m^noir. 
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ON  THE  FREEZING  MICROTOME.  A  Reply  to  Mr 
Lawsm  Tait.  By  William  Rutherford,  M.D.,  F.RS.E., 
Profes8(yr  of  tiie  Institutes  of  Medicine  in  the  University 
of  Edinburgh 

When  I  described  in  the  pages  of  this  Journal  for  May,  1871 
(324),  a  method  by  which  tissues  might  readily  be  frozen  and 
cut  for  microscopical  purposes  by  a  modification  of  Stirling's 
microtome  devised  by  me,  I  was  aware  that  I  had  rendered  the 
freezing  process  available  to  the  histologist  in  a  way  which 
would  certainly  prove  of  great  service.  And  I  was  also  aware 
that  the  freezing  method  would  in  the  end  largely  supersede  all 
other  methods  of  imbedding  the  tissues  for  the  purpose  of 
making  microscopical  sections.  I  stated  that,  with  the  aid 
of  my  freezing  apparatus  (p.  326),  "beautiful  sections  of  frozen 
fresh  lung,  liver,  kidney,  muscle,  skin,  brain,  etc.,  may  be  made 
with  an  ordinary  razor,"  and  moreover  that  the  capabilities  of 
my  apparatus  might  be  readily  appreciated  from  the  following 
experiment  (p.  328) :  ^'  I  killed  a  rabbit,  and  immediately 
removed  a  portion  of  lung,  liver,  intestine,  muscle,  and  a  whole 
kidney.  I  rapidly  washed  them  in  075  p.c.  salt  solution,  and 
put  them,  hot  as  they  were,  at  once  into  the  well  of  the  machine 
and  covered  them  with  0*75  p.c.  salt  solution.  I  put  the 
freezing  mixture  into  the  box  and  covered  the  whole  with  cotton 
wadding.  To  freeze  them  thoroughly  required  sixteen  minutes. 
I  then  made  sections,  as  fine  as  any  one  could  possibly  desire,  of 
all  the  several  tissues  at  once,  picked  them  off  the  knife  with  a 
camel-hair  pencil,  and  put  them  into  separate  vessels  for  exami- 
nation." 

After  a  year's  experience  of  my  apparatus,  I  constructed 
another,  in  which  the  well  for  holding  the  tissue  was  smaller  in 
proportion  to  the  size  of  the  box  for  holding  the  freezing  mix- 
ture than  in  my  first  apparatus.     Rotation  of  the  brass  plug  at 
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the  bottom  of  the  well  was  prevented.  The  screw  for  elevating 
the  plug  was  made  steadier,  and  an  indicator  for  giving  sections 
of  any  thinness  was  attached,  so  that  the  tyro  might  at  once  use 
the  apparatus  successfully.  I  described  this  second  microtome 
in  the  Lancet  (July,  1873).  Mr  Lawson  Tait  makes  the  re- 
markable statement  in  the  last  number  of  this  Jovmal  (ix.  250), 
that  "of  Prof.  Rutherford's  apparatus  I  have  always  heard  it 
said,  that  it  either  never  completely  freezes  the  tissue,  or  that 
the  complete  freezing  lasts  for  so  short  a  time  as  to  be  of  little 
use."  I  have  only  to  say  in  reply  to  this  that  the  identical 
microtome  figured  and  described  by  me  in  the  Lancet  has  been 
constantly  used  by  my  assistants  and  myself  for  more  than  two 
years  without  its  ever  having  been  discovered  that  it  "never 
comffletely  freezes  the  tissue,  or  that  the  complete  freezing  lasts  for 
so  short  a  time  as  to  be  of  little  use."  On  the  contrary,  the  appa- 
ratus is  used  with  the  greatest  success  for  providing  a  great  class 
of  practical  histology  with  something  like  two  hundred  sections 
of  the  retina^  the  same  number  of  unhardened  lymphatic 
gland,  and  other  soft  oigans.  Moreover,  at  the  recent  meeting 
of  the  British  Medical  Association  held  in  Edinburgh,  I  showed 
the  very  instrument  described  in  the  Lancet.  In  the  presence  of 
Professor  Struthers  of  Aberdeen,  Dr  Martyn  of  Bristol,  and  a 
number  of  other  gentlemen,  I  froze  a  piece  of  intestine,  and 
then  sliced  it.  The  freezing  was  complete,  and  the  sections 
were  made  within  fifteen  minutes  from  the  commencement, 
although  the  air  of  the  room  was  warm.  I  then  quoted  Mr 
Lawson  Tait's  statement  to  the  witnesses  of  my  method  and 
asked  them  to  judge  for  themselves. 

It  is  indeed  amusing  to  read  the  first  paragraph  of  that 
communication  of  this  newly-fledged  histologist  (2t(.  cit.)  **  If 
I  may  take  the  directions  given  in  Foster  and  Balfour's 
Elements  of  Embryology  as  being  an  exposition  of  the  most 
recent  methods  of  section-cutting,  /  can  only  fed  that  I  have,  by 
patient  endeavours,  been  able  to  achieve  a  success  which  is  not 
much  known  beyond  the  limited  circle  of  those  who  have  seen  my 
work,  I  therefore  hasten  to  describe  som£  improvements  I  have 
made  in  the  methods  of  section-cutting,  which  seem  to  me  to 
constitute  as  important  an  advance  over  the  rude  hardening  and 
imbedding  processes,  as  the  results  obtained  by  them  were  superior 
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to  ihs  Mctions  made  by  daiMe  knives^!*  It  is  instrnctiTe  to  see 
how  Mr  Tait  **  hastens"  to  acquaint  his  learned  friends  with  his 
success  so  little  **  known  beyond  the  limited  circle  of  those  who 
have  seen  his  work.**  I  leare  them  to  adopt  what  methods 
they  like  best,  bat  they  will  doubtless  be  as  much  surprised  as 
I  have  been  to  see  this  attempt  of  Mr  Tait's  to  make  it  appear 
that  he  is  the  inventor  of  the  method  which  constitutes  *'80 
important  an  adyanoe." 

Mr  Tait  is  careful  to  tell  us  (p.  250)  that  ''before  the 
appearance  of  Prof.  Rutherford's  instrument  (July,  1873),  I 
had  had  one  almost  identical  in  use  for  many  months,  but  I 
have  since  had  to  modify  it  very  much  on  account  of  repeated 
£uluTe8.*  I  will  charitably  Buppose  that  Mr  Tait  is  in  ignorance 
of  my  apparatus  described  in  this  JowmaX  in  May,  1871.  He 
can  extend  his  ''many  months"  beyond  that  date  if  he  likes. 
I  will  also  charitably  suppose  that  he  is  ignorant  of  the  fact 
that  Mr  Needham  described  and  figured  in  the  Monthly  Joumal 
of  iRcroscopical  Science  for  June,  1873  (ix.  258),  a  modifica- 
tion of  my  microtome  devised  by  Mr  McCarthy,  which  in  some 
respects  closely  resembled  that  which  Mr  Tait  described  six 
months  ago.  K  Mr  Tait  continues  his  "patient  endeavours," 
however,  he  will  probably  "  achieve  "  a  still  greater  "  success," 
when  he  succeeds  in  comprehending  why  it  is  that  as  the  result 
of  my  experience  I  recommend  the  following  to  histologists  as 
worthy  of  their  attention. 

The  freezing  microtome  described  by  me  in  the  Lancet 
consists  (Fig.  1)  of  a  plate  of  gun  metal  {B)  with  a  circular 
opening  in  its  centre  (A).  The  opening  leads  into  a  well  closed 
at  the  bottom  by  a  brass  plug  {K,  Fig.  2)  capable  of  being 
moved  up  or  down  by  means  of  a  screw  (Z>).  The  tissue  to  be 
firozen  is  placed  in  the  well,  and  sections  are  made  by  gliding  a 
knife  over  its  top.  The  thickness  of  the  sections  is  easily 
regulated  by  an  indicator  (E).  The  microtome  is  clamped  to  a 
table  by  the  screw  (F).  A  mixture  of  salt  and  pounded  ice  is 
placed  in  the  box  ((7),  the  water,  from  the  melting  ice  flows 
away  by  the  tube  (H).  The  tissue  is  seen  in  A,  and  the 
freezing  mixture  in  G,  (Fig.  2).  A  section  of  the  knife  employed 
is  seen  at  B  (Fig.  2). 

1  The  italics  are  mine. 
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Fig.  1. 
Tki  Pnunfa  Micbotomb. 


Pig.  3. 
TsmciAL  Swrnow  or  ihi  Fuuna  Hitnoioiu. 
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The  instrument  serves  a  double  purpose :  1.  For  cutting 
tissues  hardened  in  the  ordinary  way  by  chromic  acid,  or  spirit. 
Sec.     2.  For  cutting  tissues  hardened  by  freezing. 

For  the  first  purpose,  a  mixture  of  solid  paraffin  (five  parts) 
and  hog^s  lard  (one  part)  is  melted  by  a  gentle  heat  and  poured 
into  the  well,  the  tissue  is  then  imbedded  in  the  fluid  and  sections 
are  made  in  the  usual  way.  As  every  one  knows,  however,  such 
substances  as  paraffin,  wax  and  oil,  are  by  no  means  perfect 
imbedding  agents,  for  they  cling  to  slices  of  structures  of  irre- 
gular shapes,  and  often  necessitate  much  loss  of  time  in  getting 
rid  of  them,  and  if  the  section  be  of  a  delicate  organ  such  as  the 
retina,  or  an  embryo,  it  may  be  altogether  spoiled.  These  diffi- 
culties vanish  when  the  freezing  process  is  adopted.  A  slice  of 
frozen  tissue  can  be  laid  in  any  position  on  a  cooled  slide,  and 
the  moment  the  ice  thaws  the  fluid  flows,  or  may  be  washed 
away,  leaving  the  section — ^be  it  retina  or  embryo,  lung  or 
kidney — in  situ  and  perfectly  clean.  In  fact  when  one  discovers 
how  great  a  luxury  this  microtome  is  when  used  for  freezing,  he 
is  generally  anxious  to  avoid  most  other  methods  of  imbedding 
tissues.  We  would  use  it  for  everything,  were  it  not  that  when 
the  instrument  is  in  almost  daily  use,  as  it  is  with  us,  the  ice 
comes  to  be  expensive. 

The  following  is  the  mode  of  using  the  instrument  for 
freezing :  Unscrew  the  plug  (K,  Fig.  2),  and  cover  its  outer  and 
inner  surface  with  almond  oil,  so  that  it  may  not  become  fixed 
by  freezing.  This  once  done  need  not  be  repeated  for  months  \ 
Encircle  the  freezing-box  with  a  thick  jacket  of  cotton  wadding, 
felt,  flannel,  or  cork.  I  always  use  the  first,  for  it  is  always  dry 
and  clean,  and  only  requires  to  be  pushed  between  the  micro- 
tome and  the  edge  of  the  table  in  order  to  fix  it  Pour  into  the 
well  a  solution  of  gum  arabic  made  as  follows  :  To  10  oz.  cold 
water  add  120  minims  camphorated  spirit  and  5oz.  clean  gum 
arabic.  When  the  gum  has  dissolved,  strain  through  calico  and 
preserve  for  use  in  a  corked  bottle.  Cover  the  well  and  the 
brass  plate  around  it  with  a  sheet  of  thin  vulcanised  india- 
rubber,  in  order  to  prevent  the  entrance  of  salt  from  the  freezing 

1  In  my  fonner  desoription,  I  stated  that  methylated  spirit  should  be 
poured  into  the  spaoe  under  the  plug  K  to  prevent  fixation  during  freezing, 
but  I  have  long  since  abandoned  this  as  unnecessary. 
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mixture  and  of  heat  into  the  welL  Secure  the  india-rubber 
with  a  weight  Place  in  the  freezing-box  small  quantities  of 
finely-powdered  ice  (place  the  ice  in  a  thick  canvaa  bag  and  beat 
it  with  a  wooden  mallet)  and  salt  alternately,  by  means  of  a 
bone  spatula^  e.g,  an  ordinary  paper-knife.  Constantly  stir  the 
freezing  mixture  around  the  well,  and  keep  the  tube  {H)  o])en 
to  permit  of  the  egress  of  water  from  the  melting  ice.  When 
the  solution  of  gum  has  begun  to  freeze  and  a  film  of  ice  has 
formed  inside  the  well,  introduce  the  tissue  with  a  pair  of 
forceps  and  hold  it  in  any  desired  position  against  the  advancing 
ioe  until  it  is  fixed:  then  r&plaoe  the  india-rubber  cap  and 
complete  the  freezing.  The  process  is  exceedingly  simple,  and 
it  may  be  completed  within  ten  or  fifteen  minutes,  even  in 
summer.  A  cold  room  is  of  course  always  advantageous.  The 
tissue  can  readily  be  kept  frozen  any  length  of  time,  by  placing 
from  time  to  time  a  little  more  of  the  freezing  mixture  in  the 
box  and  stirring  it  round  the  well.  It  is  possible,  however, 
especially  in  the  winter,  to  have  the  tissue  firozen  too  hard.  It 
splinters  when  it  is  too  hard.  This  is  prevented  by  discontinuing 
the  further  addition  of  the  freezing  mixture  and  by  breathing 
upon  the  knife  in  the  process  of  section.  Always  manipulate 
the  sections  with  a  brush  to  prevent  injury  to  the  face  of  the 
knife,  and  transfer  them  to  slides,  or  to  a  vessel  containing  water, 
or  a  three-quarter  p.c«  salt  solution  to  wash  away  the  gum. 
For  all  ordinary  purposes  I  employ  a  razor  concave  on  both 
sides  (jS,  Fig.  2).  For  large  sections,  however,  it  is  advan- 
tageous to  have  a  knife  concave  on  the  left  and  flat  on  the 
right  side — (when  the  face  is  held  downwards) — a  half  broader 
and  a  half  longer  than  a  razor.  No  wetting  of  the  knife  is 
needed,  for  the  melting  gum  readily  does  this.  I  find  it  always 
most  convenient  to  push  and  not  to  pull  the  blade  through  the 
tissue.  I  object  to  Mr  McCarthy  and  Mr  Tait's  proposal  to 
have  the  freezing-box  projecting  at  the  right  as  well  as  the  left 
side  of  the  cutting-table,  for  it  does  not  appear  to  me  to  have 
any  important  advantage,  and  it  certainly  is  calculated  seriously 
to  interfere  with  the  hand  in  using  the  knife.  I  have  avoided 
this  arrangement  from  the  first.  It  is  advantageous,  however,  to 
have  the  table  for  the  knife  a  little  broader  and  the  freezing 
box  a  little  larger  than  in  the  instrument  above  figured.    This 
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was  suggested  by  Mr  Young,  insimment  maker,  North  Bridge, 
Edinburgh,  last  November,  and  from  him  the  instrument  of 
which  I  completely  approve  may  be  obtained.  It  has  been 
lately  proposed  by  Dr  Fleming  of  Glasgow,  to  freeze  the  tissue 
by  causing  spirit  cooled  by  passing  through  a  tube — ^like  tluit  of 
a  still — surrounded  by  a  mixture  of  ice  and  salty  to  flow  round 
the  well  of  the  machine.  An  examination  of  Dr  Fleming's 
apparatus  has  convinced  me,  however,  that  although  its  expense 
is  more  than  twice  as  greats  it  possesses  no  real  advantage  over 
mine,  and  moreover  its  mechanical  construction  is  even  less 
perfect  than  my  original  instrument  of  four  years  ago. 

There  is  another  practical  point  worthy  of  mention.  If  it 
be  desired  to  freeze  a  tissue  that  has  been  previously  immersed 
in  spirit,  place  it  for  a  night  in  a  large  beaker  of  ordinary  water. 
By  the  morning  the  amount  of  spirit  contained  in  the  tissue 
will  be  80  small  that  it  will  not  interfere  with  the  freezing. 
Also  this :  at  the  end  of  a  day  wash  the  instrument  in  water,  to 
get  rid  of  the  salt  in  the  freezing-box.  This  obvious  and  simple 
expedient  at  once  gets  rid  of  what  Mr  Tait  is  pleased  to  term 
one  of  the  ''  great  faults ''  of  my  apparatus — to  wit,  the  accu- 
mulation of  salt  in  the  freezing-box.  His  ingenuity  in  finding 
faults  appears  to  considerably  surpass  his  ability  in  devising 
improvements. 

The  process  which  I  have  described  is  really  very  simple, 
and  can  at  any  time  be  seen  in  my  laboratory.  There  are 
two  main  points  which  should  be  noted.  1.  The  simplification 
of  the  process  of  freezing  and  cutting  frozen  tissues  by  means 
of  the  freezing  microtome,  so  as  to  render  this  process  readily 
available  for  histological  purposes — ^that  is  my  invention.  2.  The 
use  of  an  imbedding  fluid  which  when  frozen  will  cut  like  a  piece 
of  cheese  instead  of  splintering  to  pieces,  as  frozen  water  does. 
That  fluid  is  a  solution  of  ordinary  gum,  and  for  this  valuable 
suggestion  I  am  indebted  to  my  former  assistant,  Dr  Pritchard, 
of  King's  College.  Mr  Tait  places  water  in  the  well  outside  the 
tissue  to  be  frozen.  So  did  I  four  years  ago,  suggesting,  how* 
ever,  that  probably  a  better  supporting  fluid  would  be  found. 
Mucilage  is  that  fluid,  and  although  I  stated  all  this  two  years 
ago  in  the  Lancet  referred  to  by  Mr  Tait,  he  has  evidently  never 
tried  it,  otherwise  he  would  scarcely  have  recommended  the  use 
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of  water  instead  of  it  So  xntich  for  Mr  Tait's  ^patient  endea- 
vours" by  which  he  ''  has  been  able  to  achieve  a  success  which 
18  not  much  known  beyond  the  limited  circle  of  those  who  have 
seen  his  work/'  and,  his  "hastening  to  describe  his  im- 
provements "  (!). 

There  is  no  doubt  whatever  that  physiologists,  but  especially 
pathologists,  will  find  the  freezing  microtome  an  instrument  of 
the  greatest  value  in  aiding  histological  study.  Many  indica- 
tions for  its  use,  which  cannot  be  given  here,  will  be  found 
in  my  OtUlinea  of  Practiced  Histology  now  published  by 
Churchill,  New  Burlington  Street,  London. 


ON  A  NEW  METffOD  OF  PREPAHINQ  THE  SKIN 
FOR  fflSTOLOGICAL  EXAMINATION  By  W. 
Stirling,  D.  Sc,  M.D.,  Demmstrator  of  Practical  Phy- 
siology in  the  University  of  Edinburgh, 

DusiNG  the  winter  of  1873,  while  working  in  Prof.  Ludwig's 
laboratory  in  Leipzig,  I  had  .occasion  to  make  some  investiga- 
tions upon  the  structure  of  the  skin,  but  the  difficulty  of  the 
subject  rendered  it  imperative  to  have  some  method  other  than 
those  commonly  in  use  for  examining  the  structure  and  arrange- 
ment of  its  tissues.  After  trying  a  variety  of  methods  I  found 
that  the  following  process — ^viz.  digestion  of  the  tissue — ^yielded 
excellent  results.  An  artificial  digestive  fluid  may  be  made 
thus:  1  cc.  of  pure  hydrochloric  acid  is  mixed  with  500  cc. 
water  at  38^  C.  and  1  gramme  pepsine  added.  [The  pepsina 
porci  prepared  by  Bullock  and  Reynolds,  Hanover  Street, 
Hanover  Square,  London,  should  be  employed,  unless  a  glyce- 
rine extract  of  the  stomach  itself  is  used,  which  I  found  to 
answer  the  purpose  admirably.]  After  keeping  the  mixture  for 
three  hours  at  38*  C.  shake  it  thoroughly.  The  piece  of  skin 
to  be  investigated  is  then  stretched  and  tied  over  the  mouth  of 
a  glass  dialysing  jar.  The  skin  is  then  digested  in  the  above 
fluid  at  38*  C.  for  a  period  varying  firom  two  to  eight  hours 
according  to  the  size  and  age  of  the  skin.    I  always  found  that 


186     DB  STIBLING.     A  NEW  METHOD  OF  PREPABINQ  THE  SKIN. 

the  skin  of  young  animals  was  digested  more  quickly  than  that 
of  old  ones.  The  digestion  is  completed  more  rapidly  if  the 
fluid  is  renewed  from  time  to  time,  thus  getting  rid  of  the  pep- 
tones which  are  formed  and  retard  the  digestive  process.  When 
digestion  has  been  partially  completed,  the  skin  is  then  placed 
in  water  for  iweniy-four  hours.  In  this  it  becomes  swollen  up 
emd  quite  transparent.  The  small  blood-vessels  and  nerves  can 
be  seen  with  the  utmost  clearness  through  a  very  thick  layer  of 
the  tissue.  The  skin  can  now  be  cut  with  perfect  ease,  and 
may  be  hardened  in  the  ordinary  fluids,  or  stained  with  any  of 
the  ordinary  staining  reagents.  The  fibres  of  the  white  fibrous 
tissue  composing  the  mass  of  the  skin  become  swollen  up,  quite 
clear  and  transparent,  and  thus  permit  of  a  clear  view  of  the 
structure  and  arrangement  of  the  other  tissues  being  obtained. 
By  this  method  I  have  been  able  to  make  out  the  arrangement 
of  the  elastic  fibres  in  the  skin,  and  this  with  other  points  on 
the  histology  of  the  skin  I  hope  shortly  to  publish  in  extenso.  I 
have  no  doubt  that  this  method  will  be  found  of  value  in  the 
investigation  of  the  structure  of  other  organs  and  tissues. 


THE    ACTION    OF    JABORANDI    ON    THE    HEART. 

By  J.  N.  Langlet,  B.A.,  8t  John*s  CoUege,  Ccmbridge. 

i 

!  (From  the  Physiological  Laboratory,  Cambridge.) 

Jaborakdi  has^  in  addition  to  its  other  remarkable  properties, 
[  a  distinct  action  on  the  het^rt,  reducing  in  a  marked  maimer 

the  number  of  its  beats,  and  ultimately  bringing  it  to  a  com- 
plete standstill.  In  a  preliminary  account  {Brit.  Med.  Journ., 
Feb.  20th,  1875),  I  briefly  stated  this  result,  and  pointed  out 
the  antagonistic  action  of  atropia.  In  the  present  paper  I 
wish  to  discuss  somewhat  more  fully  the  exact  manner  in 
which  this  slowing  or  inhibition  is  brought  about. 

The  preparations  of  jaborandi  with  which  I  have  been 
principally  working  are :  The  alcoholic  extract  of  jaborandi 
leayes,  and  the  glycerine  solution  of  that  extract,  kindly  sent 
to  me  by  Mr  Martindale,  of  Cavendish  Street.  Since  these 
preparations  contained  a  considerable  amount  of  alcohol  and 
glycerine  respectively,  the  results  were  complicated  by  effects 
due  to  these  substances.  Such  effects  have  been  as  much  as 
possible  eliminated — especially  with  regard  to  frogs — ^by  direct 
comparison  with  the  results  obtained  by  administering  alcohol 
and  glycerine  alone. 

Recently  I  have  received  from  Mr  H.  B.  Brady,  of  New- 
castle, to  whom  my  best  thanks  are  due  for  the  trouble  he  has 
taken  in  the  matter,  some  much  more  concentrated  alcoholic 
extract,  and  an  aqueous  extract  of  the  alcoholic  residue.  All 
the  experiments  have  not  been  repeated  with  these,  but  so  far  as 
they  have,  the  results  coincide  with  former  results. 

It  is  worth  remarking  that  the  aqueous  appears  to  have  all 
the  properties  of  the  alcoholic  extract. 

Mr  Gerrard,  in  the  Chemist  and  Druggist  for  June  15th, 
described  the  preparation  of  an  alkaloid  from  jaborandi  leaves, 
to  which  he  gave  the  name  of  pilocarpine,  and  of  the  hydro- 
chlorate   and   nitrate  of  this  alkaloid.     I  have  made  some 
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experiments  with  the  nitrate,  and  the  results  are,  I  think,  such 
as  to  justify  the  conclusion  drawn  from  former  experiments,  that 
more  than  one  active  principle  is  present  in  the  ordinary 
preparations.  The  quantity  of  pilocarpine  obtained  from 
jaborandi  leaves  is  veiy  small,  about  0*75  p^r  cent.  This  has 
to  be  borne  in  mind  in  comparing  its  effects  with  those  of  the 
extracts. 

The  main  features  of  the  action  of  jaborandi  on  the  heart 
may  be  briefly  described  as  follows: — If  a  few  drops  of  the 
glycerine  solution,  or  if  one  of  the  extracts  be  injected  under 
the  skin  of  a  frog  or  toad,  the  heart  will  become  red  and 
dilated,  and  the  beat  slower.  These  characters  increase  till  the 
heart  is  of  a  dark-red  colour,  very  much  distended  in  diastole. 
I  have  invariably  found  that  the  ventricle  stops  beating  before 
the  auricles.  -  According  to  Yulpian  {Lond.  Med,  Record,  July, 
1875)  the  auricles  are  the  most  readily  affected ;  this  certainly 
is  not  the  case  if  it  be  taken  to  mean  that  the  auricular  beats 
are  the  first  to  cease.  It  does  however  not  imfrequently  happen 
that  the  auricles  are  the  first  to  shew  the  effects  distinctly, 
beating  only  in  every  alternate  heart-cycle.  This  has  been 
most  frequently  observed  after  the  aqueous  extract  has  been 
given.  At  a  later  stage  the  heart-beats  generally  become  very 
irreg^ular ;  at  one  time  the  auricles  contracting  only  in  every 
alternate  heart-cycle,  at  another  the  ventricle ;  then  perhaps  a 
complete  stoppage  of  both,  followed  by  a  few  normal  beats. 
Moreover,  in  point  of  energy  the  different  parts  of  the  heart 
beat  seem  to  be  quite  independent  of  one  another;  at 
one  time  the  auricles  contracting  feebly  and  the  ventricle 
strongly,  at  another  exactly  the  contrary.  But  with  all  these 
variations  the  ventricle  has  always  in  the  many  animals  I  have 
examined  been  the  first  to  finally  cease  contracting. 

The  auricles  as  a  rule  cease  contracting  before  the  sinus, 
but  I  should  hesitate  to  say  that  this  was  always  the  case ; 
sometimes  certainly  if  the  sinus  beats  at  all  the  beat  is  confined 
to  the  part  closely  adjoining  the  auricles,  where  it  is  very 
difficult  to  tell  whether  the  movement  is  caused  by  a  contrac- 
tion nearly  synchronous  with  the  auricles,  or  by  the  auricular 
contraction  alone. 
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Atropia  sulphate  quickly  restores  the  heart-beat,  bet  with 
less  aud  less  readiness  as  the  heart  has  been  stopped  for  a 
longer  time.  The  restored  beats  are  at  first  feeble,  then  get 
stronger  till  an  almost  or  quite  normal  beat  takes  place.  The 
auricles  shew  this  effect  most  strikingly,  and  not  unfrequently 
the  auricular  beat  will  be  resumed  on  injection  of  atropia 
sulphate,  but  not  the  ventricular. 

Thus  it  would  appear  that  the  auricles  have  a  greater 
tendency  to  functional  activity  than  the  ventricle ;  their 
rhythmic  beat  is  more  difficult  to  stop,  and  when  stopped  is 
more  easily  set  going  again  than  that  of  the  ventricle. 

According  to  Yulpian  {Lc.)  jaborandi  does  not  slow  the 
hearty  if  urari  be  previously  given ;  he  therefore  concludes  that 
the  slowing  is  caused  by  a  stimulation  of  the  peripheral  ends 
of  the  pneumogastric  inhibitory  fibres  in  the  heart.  The  con- 
trary statement  was  made  by  me  some  time  ago  (I.  c),  and  I 
have  made  a  fresh  series  of  experiments  to  determine  the 
matter. 

(a)  Urari  was  given  to  a  frog  in  such  quantity  that  the 
striated  muscles  did  not  contract  on  strong  nerve-stimulation, 
e.  g,  a  Daniell's  cell  with  Du  Bois-Beymond's  Induction  Coil, 
the  secondary  coil  being  at  0 ;  yet  jaborandi  caused  a  slowing, 
though  naturally  not  so  rapidly  as  in  an  animal  to  which  urari 
had  not  been  given,  since  the  absorption  would  not  be  so  rapid. 

(/9)  A  frog  was  taken,  and  inhibition  of  the  heart  obtained 
by  stimulation  of  the  pneumogastrie ;  then  urari  given  till 
stimulation  of  the  jmeumogastric  gave  no  inhibition.  Still 
jaborandi  caused  a  slowing  of  the  heart. 

(7)  The  reverse  of  these  experiments  was  also  tried ;  by 
injection  of  jabcnandi  the  heart  has  been  nearly  stopped,  then 
urari  given,  but  in  no  case  has  the  rate  of  heart-beat  been 
quickened. 

(S)  The  same  is  also  true  of  the  mammalian  heart  The 
ri^t  carotid  of  a  rabbit  under  chloral  was  connected  with  a 
mercurial  manometer,  and  a  tracing  taken  in  the  ordinary  way. 
Urari  was  then  given  till  stimulation  of  the  peripheral  end  of 
the  leffc  pneum<^astric  had  no  effect  whatever  upon  the  heart 
(artificial  respiration  being  kept  up).  Then  the  aqueous  extract 
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of  jaborandi  was  injected  into  the  leift  jugular  vein.   The  heart- 
beat was  slowed  nearly  one  half. 

But  perhaps  the  most  decisive  experiment  was  the  following : 
(e)  Urari  was  given  to  a  rabbit,  and  when  the  respiration 
had  all  but  ceased  tracheotomy  was  performed  and  artificial 
respiration  kept  up.  A  needle  was  pushed  into  the  heart  and 
the  beats  counted ;  these  were  from  270  to  290  in  a  minute. 
Stimulation  of  the  pneumogastric  had  no  effect  on  the  heart. 
Then  some  of  the  aqueous  extract  of  jaborandi  was  injected 
under  the  skin  in  four  places,  so  that  absorption  should  be 
more  rapid.  In  ten  minutes  the  beats  had  fallen  to  120  in  a 
minute. 

I  cannot  then  avoid  the  conclusion  that  jaborandi  does 
slow  the  heart  after  urari  has  been  given,  and  that  therefore 
it  produces  this  slowing  by  acting  on  something  else  than  on 
the  inhibitory  nerve-fibres  going  to  the  heart 

I  may  here  call  attention  to  a  remarkable  result,  which 
seems  at  first  contradictory  to  the  above  statements,  but  about 
which  I  think  I  have  but  little  doubt,  viz.  that  an  electric 
stimulus  of  definite  strength  sent  into  the  pneumogastric  of  a 
toad  soon  after  the  injection  of  jaborandi  when  the  heart  is 
just  a  little  slowed,  produces  a  greater  inhibitory  effect  on  the 
heart  than  it  does  before  the  injection. 

In  the  first  set  of  experiments  which  showed  this,  a  DanielFs 
cell  with  a  Du  Bois-Beymond's  Induction  Coil  were  used,  the 
cell  being  in  action  the  whole  time.  Thus  any  change  in  the 
strength  of  the  current  would  be  towards  getting  weaker,  and 
in  the  nerve  towards  being  less  irritable.  There  was  a  possi- 
bility of  the  current  becoming  stronger  by  a  gradual  pushing 
up  of  the  screw  regulating  the  oscillating  hammer,  and  thus 
making  and  breaking  more  times  in  a  second. 

Accordingly  as  a  verifying  experiment,  three  cells  of  re- 
markable constancy  (kindly  lent  me  by  my  friend  Mr  Dew-Smith, 
of  Trinity  College,  for  whom  they  were  prepared  by  Mr  Muirhead) 
were  taken,  and  connected  by  long,  rather  thin  wires,  to  a 
metronome,  so  that  there  was  a  continual  current  when  the 
metronome  was  not  working,  and  then  by  short  thick  wires 
to  a  key  by  which  the  current  could  be  sent  into  the  electrodes. 
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Thus  when  ibe  metronome  was  set  in  actioD  very  little  ad- 
ditional resistance  was  introduced  into  the  circuit. 

With  this  the  same  result  was  obtained ;  but  perhaps  the 
details  of  a  particolar  experiment  wiU  make  the  matter  clearer. 
The  metronome  wax  set  so  that  the  current  was  broken  110 
times  in  a  minute.  The  pneumogastric  of  a  pithed  toad  being 
on  the  electrodes,  the  key  was  opened  for  11  seconds.  The 
beats  which  before  were  five  in  that  time  were  brought  just  a  little 
slower,  being  reduced  to  4*5  in  11  seconds.  This  was  repeated 
with  a  similar  result.  Then  18  small  drops  of  the  glycerine 
solution  of  jaborandi  were  injected  under  the  skin.  In  8 
minutes  the  stimulus  was  again  sent  into  the  nerve  for  9 
seconds.  This  time  the  heart  was  completely  stopped  for 
II  seconds.  (The  rate  of  heart-beat  had  by  this  time  become 
a  little  slower  than  at  first,  viz.  4*5  in  11  seconds.)  This  was 
repeated  with  the  same  result.  After  another  interval  of  8 
minutes  the  stimulus  was  once  more  applied  to  the  nerve,  and 
for  a  longer  period,  viz.  for  48  seconds.  Two  beats  of  the  heait 
took  place  after  the  beginning  of  stimulation,  and  then  there 
was  inhibition  for  41  seconds.  The  rate  of  heart-beat  had  by 
this  time  come  down  to  25  in  11  seconds. 

In  the  rabbit,  I  have  not  been  able  to  determine  any  similar 
exaltation  of  the  inhibitory  function  of  the  pneumogastric  as 
the  result  of  the  jaborandi  injections.  Of  this  I  can  at  present 
offer  no  explanation.  I  do  not  think  however  that  there  can 
be  any  error  in  my  observations  on  the  frog  and  toad.  Though 
the  results  quoted  above  were  obtained  with  the  glycerine  solu- 
tion, they  cannot  be  attributed  to  the  glycerine  itself,  since  they 
also  appear  when  the  aqueous  extract  is  used ;  and  I  see  no 
escape  from  regarding  them  as  really  due  to  the  jaborandi. 

Singularly  enough  this  initial  exalting  influence  ultimately 
gives  way  to  exactly  the  contrary  effect.  Thus  in  the  ex- 
periment related  above,  at  a  still  later  period  when  the  beat 
of  the  heart  had  become  very  infrequent  (about  5  a  minute), 
stimulation  of  the  pneumogastric  nerve  produced  no  effect 
whatever.  Not  only  so,  but  even  stimulation  applied  at  the 
junction  of  the  sinus  with  the  auricles,  which  at  first  produces 
marked  inhibitory  results,  at  last,  as  the  action  of  the  drug 
progresses,  is  without  any  effect  whatever. 
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Thus  jaborandi,  though^  as  we  have  seen,  it  will  produoe  its 
slowing  effect  eyen  when  the  inhibitoiy  fibres  of  the  pneumo* 
gastric  have  been  rendered  inert  by  uraii,  first  exalts  and  then 
later  on  apparently  paralyses  these  same  inhibitory  fibres. 

A  partial  explanation  of  these  contradictory  results,  is,  I 
believe,  to  be  sought  for  in  the  fact  that  the  extracts  of  jaborandi 
contain  other  active  principles  besides  the  alkaloid  pilocarpine. 
For  pilocarpine,  though  in  a  general  way  behaving  exceedingly 
like  the  extracts  of  jaborandi,  slowing  the  heart,  even  (in  suf- 
ficient doses)  to  complete  standstill,  producing  a  copious  flow 
of  saliva,  &c.  &c.,  differs  firom  them  in  this  particular  action 
on  the  pneumogastric  In  fsuct^  if  any  experiment  like  that 
above  described  be  undertaken  to  ascertain  whether  the  irrita- 
bility of  the  pneumogastric  (using  this  phrase  for  convenience 
sake)  be  increased  after  pilocarpine,  as  it  is  after  jaborandi, 
it  will  be  found  that  instead  of  an  increased  effect  no  inhibi- 
tion at  all  is  obtained.  Nor  is  there  any  stoppage  if  the  strength 
of  the  shocks  be  increased  Two  or  three  drops  of  a  5  per  cent, 
solution  of  nitrate  of  pilocarpine  are  sufficient  to  produce  this 
state.  Further,  it  will  be  found  that  stimulation  of  the  sino- 
auricular  line  will  no  longer  stop  the  heart.  Here  then  we  have 
a  substance  which,  as  it  is  usually  expressed,  paralyses  the  in- 
hibitory fibres  of  the  pneumogastric.  Now  this  substance  is 
contained  in  jaborandi  in  very  small  quantity,  and  consequently 
when  jaborandi  is  given  the  pilocarpine  contained  in  it  requires 
some  length  of  time  before  it  can  produce  its  proper  effects ; 
hence  it  is  not  imtil  a  late  stage  that  we  find  the  inhibitory 
fibres  paralysed. 

The  amount  of  pilocarpine  needed  to  paralyse  the  inhi- 
bitory fibres  produces  comparatively  little  alteration  in  the 
rate  of  heart-beat^  but  if  a  larger  dose  be  given,  the  heart 
becomes  red  and  distended,  and  the  beats  slower  until  they 
finally  cease.  That  a  substance  which  prevents  the  heart 
being  stopped  by  stimuli  which  ordinarily  produce  that  effect^ 
should  itself  stop  the  heart,  appears  to  me  a  fact  of  some 
importance  towards  a  knowledge  of  the  heart's  action.  Pilo- 
carpine I  have  invariably  found  to  act  as  above  stated,  not 
only  in  frogs  and  toads,  but  also  in  rabbits  and  dogs.  The  follow- 
ing figure,  I  think,  shows  this  very  convincingly. 
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Pie.  1. 


This  18  a  traciDg  of  the  bl<>od-preBsure  in  the  carotid  of  a 
nitbit  under  cblorul  taken  id  the  ordiii&ry  maoner  with  a 
merctmal  maDometer.  The  rise  in  the  upper  lioe  sfaowa  the 
tuae  daring  which  the  pneuniogastric  was  stimulated.  In  the 
fiist  p»tt  of  the  tracing,  reading  from  right  to  left,  the  heart 
was  beating  very  rapidly,  more  thau  300  iu  a  minute,  the 
separate  heart-beats  being  in  the  woodcut  indietinguishable; 
the  larger  curves  are  the  respiratory  ones.  A  siogle  Daniell's 
cell  and  a  Du  Bois-Rey mood's  Induction  Coil  were  uncd,  and 
when  the  first  stimulus  was  thrown  into  the  nerve,  the  second- 
Bry  coil  was  at  10 ;  it  will  be  noticed  that  this  produced  a 
very  marked  inhibitory  elfect  Almost  immediately  afterwards 
10  minims  of  a  5  per  cent,  solution  of  pilocarpine  were  injected 
into  the  jugular  vein.  The  second  part  of  the  figure  gives  the 
1;racing  after  an  interval  of  two  minutes.  The  pncumogastric 
'was  again  stimulated  for  &  longer  time  and  with  a  much 
stronger  stimulus,  the  secondary  coil  being  at  5 ;  yet  no  effect 
"whatever  was  produced.  It  will  also  be  noticed  that  the  blood- 
pressure  had  fallen  very  considerably,  and  that  the  heart  was 
beating  more  slowly,  about  200  in  a  minute.  Later,  by  a  fresh 
injection,  the  rate  of  heart-beat  was  reduced  to  126  in  a  minute. 
The  sUmulna  was  repeated  with  the  seme  result,  but  after  an 
interval  of  twenty  minutes  stimulation  of  the  pneumogaetric 
produced  a  slight  slowing,  which  gradually  became  more  and 
more  evident  as  time  went  on,  till  at  last  distinct  inhibition 
could  be  obtained;  the  action  of  the  pilocarpine  apparently 
passing  off.  Thus  there  seems  to  be  present  in  the  crude 
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extracts  of  jaboiandi,  (1)  Pilocarpine,  the  effect  of  which  ia  in 
small  doees  to  paralyse  (sit  venia  Yerbo)  the  inhibitory  fibres  of 
the  pneumogastric  with  a  moderate  slowing  only,  and  in  larger 
doses  to  increase  the  slowing  up  to  complete  standstill.  (2)  Some 
other  substance  (or  substances)  which  exalts  the  inhibitoiy 
function  of  the  pneumogastric,  and  at  the  same  time  has  a 
powerful  action  in  slowing  the  heart  For  the  slowing  pro'* 
duced  by  the  extracts,  since  it  is  already  very  manifest,  while 
as  yet  the  inhibitory  function,  so  fisLr  from  being  depressed^  is 
exalted,  cannot  be  attributed  to  the  pilocarpine  alone. 


I  must  now  return  to  the  relative  actions  of  jaborandi  and 
atropia.  When  the  heart  has  been  slowed  or  stopped  by 
jaborandi  the  injection  of  atropia  brings  back  the  beat  almost 
to  its  normal  condition.  Of  this  there  can  be  no  doubt;  but 
the  reverse  action  requires  discussion. 

In  my  preliminary  account  I  stated  that  after  atropia  had 
been  given  jaborandi  did  not  produce  a  slowing  of  the  heart. 
This  statement  has  since  also  been  made  by  every  one,  I  be- 
lieve, who  has  paid  attention  to  the  subject.  Recent  experi- 
ments have  however  convinced  me  that  it  requires  modification, 
and  render  it  most  probable  that  the  condition  of  the  heart, 
apart  firom  other  circumstances,  depends  on  the  relative  amounts 
of  jaborandi  and  atropia  present.  In  these  experiments,  of 
which,  the  following  may  serve  as  examples,  the  aqueous  extract 
and  the  concentrated  alcoholic  preparations  were  used. 

1.  Six  drops  of  a  solution  of  atropia  were  injected  under 
the  skin  of  a  frog.  In  ten  minutes  a  piece  of  the  semi-solid 
aqueous  extract  of  jaborandi  rather  larger  than  a  pea  was  placed 
under  the  skin  of  the  back.  In  three  quarters  of  an  hour  the 
heart  was  distended,  the  ventricle  at  rest,  the  auricles  beating 
only  four  or  five  times  a  minute. 

2.  The  heart  of  a  pithed  frog  having  been  stopped  by  sub- 
cutaneous injection  of  the  aqueous  extract  of  jaborandi,  atropia 
was  given,  and  the  heart-beat  restored.  The  aqueous  extract 
uras  again  injected,  and  in  an  hour  the  heart  was  once  more 
stopped  in  the  characteristic  jaborandi  manner. 

These  experiments  have  been  repeated  with  the  other  pre- 
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ptfationSy  aad  they  'all  lead  to  the  conclusion  that  a  definite 
quantity  of  atropia  can  only  prevent  a  proportionate  definite 
quantity  of  jaborandi  from  producing  its  effects  on  the  heart. 

This  can  be  shown  more  easily,  though  possibly  from  the 
mode  of  experimenting  less  conclusively,  by  applying  the  sub- 
stances directly  to  the  heart    Thus  take  the  following. 

3.  The  brain  and  cord  of  a  frog  were  destroyed  and  a  little 
jaborandi  put  on  the  heart.  In  ten  minutes  the  heart  was 
stopped.  Three  drops  of  solution  of  atropia  were  put  on  the 
heart,  and  in  seven  minutes  the  heart  was  beating  normally. 
Again,  jaborandi  was  put  on  the  heart,  and  in  five  minutes  the 
heart  again  stopped  The  excess  of  jaborandi  was  removed, 
and  five  drops  of  the  atropia -solution  let  fall  on  the  heart.  For 
more  than  half  an  hour  the  heart  remained  in  diastole,  the 
auricle  very  much  distended,  and  not  contracting  when  me- 
chanically irritated.  At  the  end  of  that  time  the  upper  part  of 
the  sinus  and  adjoining  parts  of  the  auricles  began  to  contract 
feebly.  In  fifteen  minutes  more  the  auricles  were  freely  con- 
tracting. In  another  fifteen  minutes  the  ventricle  contracted 
when  mechanically  irritated,  and  at  the  end  of  the  next  fifteen 
began  to  beat  spontaneously;  in  fact^  the  heart-cycle  was 
resumed,  and  so  continued  for  a  couple  of  hours. 

This  appears  to  me  fairly  conclusive  with  regard  to  the  frog. 
Experiments,  similar  to  those  above  described  under  (S)  and  (e), 
(pp.  189, 190),  have  been  tried,  substituting  atropia  for  urari ; 
but,  although  a  slowing  was  in  all  cases  obtained,  it  was  not 
great,  and  I  am  not  certain  that  it  might  not  hsuve  been  due 
to  other  causes. 


Local  applications  of  the  extracts  to  the  heart  have  enabled 
me  to  observe  some  facts  which  seem  to  me  to  possess  interest 
as  bearing  on  the  theory  of  the  heart's  action. 

If  the  apex  of  the  heart  be  tilted  over  and  a  little  of  the 
extract  cautiously  smeared  over  the  sinus  venosus  and  roots  of 
the  vensB  cave,  these  parts  are  arrested  in  their  beats,  while  the 
miricles  and  ventricle  continue  beating  for  some  time,  provided 
that  none  of  the  material  comes  into  contact  with  them.  Of 
course,  owing  to  the  jaborandi  getting  into  the  blood  and  so  being 
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earned  to  all  parts  of  the  heart,  this  state*  of  things  cannot  be 
maintained  for  any  great  length  of  time.  But  it  may  exist  for 
a  certain  period,  which  period  moreover  may  be  distinctly  pro- 
longed by  prerioosly  moistening  the  aoricles  and  ventricle  with 
a  solution  of  atropia. 

I  have  also  succeeded,  by  local  application  of  the  extract,  in 
causing  the  aurides  as  well  as  the  sinus  venosus  to  stop,  while 
the  ventricle  moistened  with  atropia  solution  still  remained 
unaffected.    I  was  thus  able  to  bring  the  heart  into  such  a 
state  that  the  ventricle  continued  to  pulsate  with  great  r^u- 
lariiy  while  the  auricles  and  sinus  were  perfectly  quiescent, 
or  at  most  showed  nothing  more  than  a  feeble  twitch  in  some 
part  or  other  of  the  auricular  walls.     While  the  heart  was 
in  this  condition  I  wiped  the  jaborandi  away  from  the  auricles 
and  sinus,  and  carefully  smeared  these  parts,  by  means  of  a 
camel's  hair  brush,  with  a  solution  of  atropia^    At  the  same 
time  I  smeared  the  ventricle  with  the  extract  of  jaborandi. 
In  consequence  of  the  local  action  the  ventricle  ceased  to 
beat,  but  became  pale,  conical,  and  contracted     This  tonic 
contraction,  which  corresponds  to  the  twitchings  which  are 
observed  when  the  extract    is    applied   directly  to  striated 
muscular  fibre,  is  not  due  to  the  action  of  any  alcohol  in 
the  extract,  for  it  is  witnessed  when  the  aqueous  extract  is 
employed.    It  has  been  noticed  by  Yulpian.     The  auricles  and 
sinus,  which,  owing  to  the  contracted  state  of  the  ventricle^ 
had  become  very  much  distended,  now  began  gradually  to 
resume  their  beat ;  and  thus  the  heart,  which  a  few  minutes 
before  exhibited  quiescent  auricles  and  a  pulsating  ventricle^ 
now  presented  a  quiescent  ventricle   and  pulsating  aurides^ 
On  wiping  away  the  jaborandi  from  the  ventricle,  and  sponging 
that  organ  with  atropia  solution,  its  pale  contracted  condition 
gave  place  to  one  of  fiaccidity ;  so  that  now  the  auricles  wer^ 
beating,  and  the  ventricle  flaccid  and  quiescent.     Very  soon^ 
however,  every  third   or  fourth  auricular  beat  was  followed 
by  a  feeble  ventricular  contraction.     These  in  time  became 
more  extensive,  more  forcible  and  more  frequent,  until  at  last 
the   ventricular  systole  followed  regularly  upon  that  of  the 
auricles,  and  the  entire  normal  heart-cycle  was  resumed. 
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I  will  now  briefly  discuss  the  beariogs  of  the  facts  described 
above  on  the  theoiy  of  the  action  of  jaborandi  and  atropia^  and 
of  the  inhibitory  mechanism  of  the  heart 

The  observations  on  orari  and  jaborandi  have  already  en- 
abled us  to  dismiss  the  view  that  jaborandi  acts  by  stimulating 
the  peripheral  fibres  of  the  pneumogastric 

The  tsuct  that  after  urari-  and  nicotio-poisoning  stimula- 
tion of  the  sinus  produces  inhibition  (though  stimulation  of  the 
pneumogastric  trunk  is  without  effect)^  which  inhibition  is 
absent  if  atropia  be  previously  given,  and  the  facts  of  muscarin- 
poisoning,  have  led  to  the  belief  in  the  existence  of  a  special 
inhibitory  mechanism  (inhibitory  ganglia),  with  which  the  fibres 
of  the  pneumogastric  are  connected  and  which  atropia  is  capable 
of  paralysing. 

According  to  this  view  we  must  suppose  that  jaborandi 
excites  this    inhibitory  mechanism,  which  atropia  paralysea 
But  if  so,  how  is  it  then  that  jaborandi  causes  a  slowing  even 
after  atropia  has  been  given?    If  the  mechanism  has  been 
previously  paralysed  how  can  it  be  excited  t    Evidently  the 
word  '  paralysis '  must  in  this  case  be  used  in  a  peculiar  sense. 
The  results  can  only  be  fairly  stated  by  saying  that  atropia 
prc]|duce8  an  unfavourable  and  jaborandi  a  favourable  action  on 
the  inhibitory  mechanism.    But  would  it  not  be  equally  true 
in   this   case  to  say  that  atropia  produces  a  favourable  and 
jaborandi  an  imfavourable  action  on  the  automatic  mechanism? 
A  similar  argument  may  be  used  against  the  complex 
hypothesis  that  atropia  paralyses  or  affects  not  the  actual 
inhibitory  mechanism  itself  but  an  intermediate  apparatus  con- 
necting that  mechanism  with  the  terminations  of  the  pneumo* 
gastric  fibres. 

Again,  if  we  suppose  that  either  jaborandi  or  atropia  work 
solely  on  some  nervous  mechanism  (inhibitory  or  automatic), 
this  mechanism  must  be  widely  scattered  over  the  heart,  or 
rather  must  be  composed  of  a  group  of  mechanisms,  each  part 
of  the  heart  having  its  own  mechanism.  Otherwise  how  can 
we  explain  the  facts  mentioned  above,  that  either  sinus,  auricle, 
or  ventricle,  may  be  independently  inhibited  by  jaborandi? 
Taking  into  account  the  speedy  restoral  by  atropia,  I  cannot 
r^;ard  the  local  action  of  jaborandi  as  being  essentially  different 
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in  kind  from  the  general  action  which  follows  upon  the  intro- 
duction of  the  drug  into  the  blood.  The  tonic  contracted 
state  which  is  observable  in  the  ventricle  does  not  seem  an 
^essential  factor,  and  indeed  is  not  witnessed  in  the  sinus  or 
auricles. 

Surely  it  is  a  far  easier  way  out  of  the  difficulty  to  suppose 
that  jaborandi  (and  therefore  of  course  atropia  also)  acts  directly 
on  the  whole  neuro-muscular  cardiac  tissue.  In  what  exact 
manner  must  be  left  for  future  inquiry. 

Further,  the  effects  of  the  local  application  of  jaborandi  on 
the  sinus  militate  strongly  against  the  very  generally  accepted 
theory  of  an  automatic  motor  centre  in  the  sinus  and  an  in- 
hibitory one  in  the  auricles.  Unless  we  suppose  that  the  jabo- 
randi thus  applied  acts  on  the  muscular  tissue  alone  and  not 
at  all  on  any  nerve-cells,  a  supposition  very  difficult  to  accept, 
it  ought,  while  stopping  the  sinus,  to  stop  all  the  rest  of  the 
heart  also ;  but  we  have  seen  that  it  does  not  necessarily  do 
so.  We  may  even  go  further  and  say  that  the  same  facts 
argue  against  any  localised  automatic  centres  at  all,  inasmuch 
as  the  ventricle  will  go  on  beating  while  both  sinus  and  auricles 
are  quiescent. 

I  naturally  feel  hesitation  in  thus  opposing  such  apparently 
well-founded  and  so  prevalent  views,  but  at  present  I  see  no 
way  of  escape  out  of  my  facts. 

The  particular  stage  of  jaborandi-poisoning  in  which  the 
ventricle  is  arrested  while  the  sinus  and  auricles  continue 
beating,  has  enabled  me  to  make  a  few  observations  on  the 
fhjrthmic  contractions  of  the  bulbus  arteriosus.  Though  this 
organ  is  admitted  by  anatomists  to  be  muscular  and  rhythmi- 
cally contractile,  its  action  has  received  little  attention  at  the 
hands  of  physiologists.  Even  in  the  normal  heart  the  rhythmic 
contractions  of  the  bulbus  can  be  readily  observed,  but  they 
become  much  more  evident  in  the  stage  of  jaborandi-poisoning 
mentioned  above.  In  such  instances  its  beat  takes  place  in 
its  proper  rhythm,  i.e.  at  a  time  just  succeeding  that  at  which 
the  ventricle  would  under  normal  conditions  contract.  It 
seems  to  me  not  unworthy  of  notice  that  the  fleshy  massive 
ventricle  should  be  more  easily  affected  by  the  drug  when 
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introduced  into  the  general  circulation  than  the  thinner-walled 
auricles,  sinus  or  bulbus.  And  that  it  should  ])o  thus  possible 
to  eliminate  a  median  link  (the  ventricle)  in  the  cardiac  chain, 
while  leaving  the  others,  at  either  extreme,  intact,  supports 
the  views  expressed  above. 

In  some  hearts  I  have  noticed  the  bulbus  to  continue  con- 
tracting for  some  time  after  the  ventricle  has  stopped,  and 
later  on  the  beats  to  assume  an  independent  rhythm,  not 
agreeing  with  that  of  the  sinus  venosus  and  auricles.  Some- 
times the  expression  of  it  is  a  regular  rhythmic  fibrillar  twitch- 
ing of  a  part  only  of  the  bulbus,  generally  of  the  strip  bordering 
the  ventricle. 

Further,  the  bulbus  may  sometimes  be  seen  contracting 
after  the  apex  of  the  ventricle  has  been  cut  off,  and  I  have 
occasionally  been  able  to  obtain  it  contracting  alone,  the 
ventride  and  the  greater  part  of  the  auricles  having  been 
removed. 

I  have  spoken  of  most  of  the  results  of  the  experiments  on 
the  mammalian  heart,  but  there  are  some  points  still  left  to 
notica 

The  animals  experimented  on  were  the  rabbit  and  dog,  and 
in  nearly  every  case  the  method  adopted  has  been  to  use 
Ludwig's  kymograph  and  a  mercurial  manometer,  and  so  to 
obtain  blood-pressure  tracings  of  the  right  carotid,  the  suIk 
stance  being  injected  into  the  left  jugular,  and  the  left  pneumo- 
gastric  stimulated.  By  this  means  the  variations  in  the  rapidity 
of  the  heart's  beat  are  most  satisfactorily  recorded. 

Jaborandi  in  whatever  form  injected  causes  a  slowing  of  the 
rate  of  heart-beat  (whether  the  vagi  have  been  cut  or  no)  and  a 
&11  of  blood-pressure.  Of  the  former  sufficient  mention  has 
already  been  made. 

The  tall  of  blood-pressure  does  not  depend  solely  on  the 
lessened  rapidity  of  the  heart's  beat.  By  injecting  slowly,  often 
the  first  effect  visible  is  a  fall  of  the  blood-pressure  without  an 
appreciable  slowing  of  the  pulse.  The  fall  then  resembles  in  a 
remarkable  degree  that  caused  by  stimulation  of  the  central 
end  of  the  depressor.  In  Fig.  2  are  two  tracings  from  the  same 
rabbit ;  tbe  upper  is  that  caused  by  stimulation  of  the  central 
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end  of  the  depressor,  the  lower  by  the  injection  of  jaborandi. 
Moreover,  when  atropia  is  given  the  blood-presaure  does  not 


rise  to  its  former  level,  although  the  rapidity  of  beat  be  reetored. 
Jaborandi  giveii  after  atropia  still  causes  a  fall  in  the  blood- 
pressure,  though  not  so  considerable  as  in  the  absence  of  atropia. 
Stimulation  of  the  central  end  of  the  depressor  still  produoes  its 
characteristic  effect  after  injection  of  pilocarpine  or  any  of  the 
preparations  of  jaborandi,  but  not  to  the  normal  extent,  owing 
to  the  mean  pressure  being  already  lowered  by  the  drug. 

I  would  here  wbh  to  take  the  opportunity  to  correct  au 
error  in  my  preliminary  account.  I  there  stated  that  if  a 
glycerine  preparation  of  jaborandi  be  injected  under  the  skin  of 
a  frog,  tetanic  movemenls  and  violent  spasms  follow.  So  indeed 
tbey  do :  similar  movements  though  less  in  extent  being  also 
witnessed  when  a  part  only  of  the  spinal  cord  is  left ;  but  later 
experiments  have  led  me  to  suspect  that  they  are  in  some  way 
due  to  the  glycerine,  and  not  to  the  jaborandi.  If  a  little  of  the 
aqueous  extract,  or  very  strong  alcoholic  extract,  forming  a  stiff 
cobeflive  mass,  be  placed  under  the  skin  of  a  frog,  the  animal, 
after  the  preliminary  irritation  has  subsided,  remains  quiet,  and 
so  continues,  making  few  or  no  spontaneous  movements,  till  it 
dies.  For  some  considerable  period,  depending  on  the  amount 
of  jaborandi  given  and  the  strength  of  the  frog,  reflex  action  is 
easily  produced.  Pinching  the  skin  will  make  the  ing  le&p 
strongly ;  after  which,  it  will  as  a  rule  remain  in  the  place 
where  it  alighted,  till  it  receives  a  fresh  stimulus.  The  eyea 
on  being  touched  are  at  once  shut.     If  placed  on  its  back  it 
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will  strive  to  regain  its  normal  position.  At  this  stage  the 
heart  beats  very  irregolarly,  with  perhaps  a  pause  now  and  then 
in  the  auricular  or  ventricular  beats,  or  even  a  total  stoppage 
of  the  heart  for  a  short  tima  Later  on,  as  the  heart  gets  slower, 
the  frog,  if  kept  on  its  back  for  a  little  while,  will  remain  so, 
and  reflex  action  generally  diminishes.  In  fact,  beginning  at 
the  cerebral  hemispheres,  the  functional  activity  of  the  various 
parts  of  the  nervous  system  gradually  disappears.  These  phe- 
nomena may  be  in  part  due  to  the  gradual  enfeeblement  of  the 
circulation,  but  to  what  extent  I  am  not  prepared  to  say.     . 


NOTE  TO  MR  BALFOUR'S  PAPER  ON  THE  ORIGIN 
AND  HISTORY  OF  THE  URINOOBNITAL  ORGANS 
OF  VERTEBRATEa 

SiHCE  writing  this  paper  I  haye  had  an  opportonity  of  ezamining 
a  specimen  of  Acanthias  and  of  Raia  batis.  In  both  of  these  I  find 
that  in  the  position  corresponding  with  the  blind  pockets  of  Scyllium 
there  is  a  pair  of  large  and  conspicuous  abdominal  pores. 

F.  M.  B. 


REPORT  ON  PHYSIOLOGY.    By  Wiluam  Stiruho,  D.Sc., 
M.D.,  Demonstrator  of  Practical  Physiology  in  the  Ufdvermiy 

of  Edinburgh '. 

Nervous  System, 

''Does  the  so-called  ^ fSEiciAlis-centnim '  stand  in  relation  to  the 
secretion  of  saliva  1"—E.  Kalz  (Centralblatt,  Nov.  26,  1875),  The 
author's  results  in  two  experiments  on  dogs  are  purely  negative. 

Co-ORDiKATiNO  Centba  IN  THE  Beb. — ^Douhoff  {Reichert  und  Du 
Boi^Reymonds  Arch,,  1875,  Heft  i.  47)  observes,  that  if  the  head  is  sud- 
denly cut  off  a  bee  and  honey  applied  to  its  proboscis  sucking  move- 
ments are  made.  The  centra  for  co-ordinating  the  sucking  movements 
must  lie  in  the  head.  If  the  body  is  separated  from  the  head  the  bee 
makes  instinctive  movements  as  if  collecting  pollen.  If  the  body  is 
placed  on  its  back,  it  is  turned  over,  so  that  the  bee  comes  to  stand 
on  its  feet.  The  centres  for  these  movements  lie  in  the  thorax.  If 
the  abdomen  is  cut  off  and  pressed  up,  the  sting  is  pushed  out  and 
retracted,  just  as  an  intact  bee  does  when  it  is  touched  on  any  part 
of  the  body.  The  centre  for  these  stinging  movements  lies  in  the 
abdomen.  The  co-ordinating  centres  are  therefore  distributed  over 
the  brain  and  the  ventral  coid  of  the  thorax  and  abdomen. 

Chemical  Composition  of  the  Brain. — J.  L.  W.  Thudicum  con- 
tributes researches  on  the  albove  subject.  {Privy  CowneU  ReportSy 
1 874. )  Nerve-matter  contains  abundance  of  water  which  is  chemicaOy 
combined,  and  termed  by  him  ^^loater  of  eoUoidcUionJ**  Three  groups 
of  nerve-matter  occur  in  the  brain — phosphorised  bodies,  nitrogenised 
bodies,  oxygenised  bodies.  Phosphorised  bodies  contain  P.  in  the 
form  of  phosphoric  acid  combined  proximately  with  glycerine,  and  may 
be  divided  into  the  sub-groups,  kephalines,  myeHnes^  lecithines.  The 
kephalines  have  free  afl^ties  for  oxygen,  but  are  not  in  a  state  of 
atomic  tension,  and  require  for  their  decomposition  the  oontinued 
influence  of  powerful  extraneous  affinities  in  the  presence  of  water  and 
heat.  The  myelines  have  no  apparent  free  affinities  for  oxygen,  are 
not  affected  by  heat  except  to  the  extent  of  fusion,  their  atoms  axe 
not  in  a  state  of  chemical  tension,  but  require  for  decomposition  the 
influence  of  strong  external  affinities,  as  water  and  heat.  The  leci* 
thines  are  in  a  state  of  great  atomic  tension,  and  are  easily  decom.- 
posed.  The  nitrogenised  bodies  in  many  respects,  but  in  a  lesser 
degree,  imitate  the  properties  of  the  phosphorised.  They  consist  of 
cerebrine,  phrenosine  and  kerasine.  Both  the  phosphorised  and  the 
nitrogenised  are  strictly  colloid,  and  do  not  pass  through  the  septmn 

^  To  assist  in  rendering  this  Beport  more  complete,  authors  arejnyited  to 
send  copies  of  their  papers  to  Dr  Stirling,  Physiologioal  Laboratory, 
Universitj. 
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of  a  dialjaer.  The  oxygeniaed  principles  oonsist  mainly  of  alcohols 
with  very  slight  oomhining  powers.  The  most  prominent  memher  is 
cholesterine,  which  is  not  a  fat^  but  a  monodynamic  alcohol. 

The  mode  of  isolating  the  different  chemical  principles,  their 
compositions  and  properties,  are  minutely  detailed  in  the  report. 

HlTZIG     OK     THE    SSAT    OF    THE    CeREBRAL    FlUID. — G.    Hitzig 

{ReicheH  und  Du  Bois-Heymond'a  ArcJtiv,  1874,  CeiUrcUblaU,  No.  19, 
1875)  remarks  that  the  majority  of  authors  generally  found  no  fluid 
in  the  sac  of  the  dura  mater  cerebralis  on  the  vertex.  The  author, 
on  the  contrary,  from  operations  upon  dog9,  has  convinced  himself  of 
the  existence  of  a  not  inconsiderable  quantity  of  fluid  in  that  sac. 
Oq  passing  a  fine  scalpel  during  life  between  the  dura  and  pia  either 
a  fluid  dear  or  mixed  with  blood  always  flowed  out,  whilst  several 
hoars  after  the  death  of  the  animal  the  operation  was  without  result, 
thus  coinciding  with  what  is  found  in  the  human  subject.  On  the 
contrary,  the  lateral  ventricles  were  always  full  of  fluid.  Immediately 
after  the  death  of  the  (poisoned)  animal  water  trickled  out  of  small 
openings  in  the  dura,  when  here  there  was  no  question  of  blood- 
pre^ure.  During  life,  therefore,  there  must  be  a  higher  secretion- 
pressure  than  the  blood-pressure  and  elasticity  of  the  tissues  which 
press  the  brain  against  the  skull.  After  death  the  water  will  be 
pressed  into  the  brain  from  the  sac  of  the  dura  by  the  remaining 
elasticity  of  the  compressed  brain. 

On  THE  Influence  of  Chloral  Hydrate  on  the  Excitabilitt 
OF  the  Nervous  System. — P.  Rokitansky  {Wiener  med,  Jahrb, 
1874,  294, — CentraMUt,  No.  29, 1875)  finds  that  when  large  doses  of 
a  concentrated  solution  of  chloral  are  injected  directly  into  the  heart 
from  the  jugular  rein  the  heart  at  once  ceases  to  beat,  the  respira- 
tions continuing.  If  the  chloral  acts  less  intensely  and  more  slowly 
the  heart  resistB  longer  than  the  nervous  system,,  which  becomes 
narcotised  in  the  interval,  specially  however  the  respiratory  central 
apparatus.  In  the  latter  case  life  can  be  prolonged  by  artificial 
respiration,  the  blood-pressure  being  low,  and  the  pulse-beats  medium 
in  frequency  however.  Like  Kajewski  the  author  finds  that  the 
heart  brought  to  a  standstill  by  concentrated  chloral  solution  is 
excitable  by  direct  stimuli  (electrical  and  mechanical),  the  cardiac 
muscle  therefore  is  not  paralysed.  In  that  the  heart  with  a  proper 
dose  does  not  begin  again  of  itself  to  beat,  the  author  does  not  accept 
the  assumption  of  a  sUmulation  of  the  peripheral  cardiac  fibres  of  the 
vagus  (which  ultimately  must  fiitigue).  The  standstill  must  be 
caused  by  an  action  of  the  chloral  upon  the  motor  nervous  apparatus 
of  the  heart.  An  animal  gradually  narcotised  by  chloral,  where 
respiration  b^ns  to  stop,  again  begins  to  breathe  when  artificial 
respiration  has  been  kept  up  for  some  time.  Such  an  animal  con- 
ducts itself  exactly  like  one  whose  medulla  has  been  separated  from 
its  bzain.  The  excitability  of  the  respiratory  nervous  apparatus 
sinks  in  both  cases  in  conseqnenoe  of  the  injury,  and  is  improved  by 
the  artificial  respiration.     Both  animals  die  without  spasms,  the 
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excitabilitj  of  the  motor  centres  of  the  muscles  of  the  trunk  is 
diminished  by  both  injuries.  That  the  excitability  of  the  Taso-motor 
centre  is  also  depressed  is  shewn  by  the  author,  apart  from  other 
data,  thus :  a  direct  electrical  stimulus  which  on  being  applied  to 
different  parts  of  the  central  nervous  system  in  the  normal  animal, 
was  followed  by  marked  increase  of  blood-pressure,  was  without 
effect  in  the  cUoralised  animal,  and  on  suspension  of  the  artificial 
respiration  the  normal  increase  of  pressure  did  not  take  place.  The 
respiratory  curves  taken  by  means  of  a  Marey's  cardiograph  shewed  a 
superiority  of  (active)  respiration  over  the  inspiration  in  the  chloral 
narcosis,  just  as  is  the  case  in  animals  whose  medulla  is  separated 
from  the  brain. 

Eye. 

''  Hyoscyamin  and  its  importance  in  Ophthalmology."  R.  Simono- 
witsch,  Aroh.f,  Aitgen-  u.  Ohrenheilk.  rv.  i.  1.  (Abstract  in  Central- 

bUut,  No.  20,  1876). «  Crossing  of  the  Optic  Nerves."     M.  Reich, 

MUUdrwrzt.  J<ywm.  1876  (Abst  in  CmtralblaU,  No.  29,  1876). 

''On  the  binocular  niixture  of  colours."  W.  v.  Bezold,  Ann,  d. 
PhysUc  fi.  Chemie  Jubelhcmd,  1874,  586,  and  W.  Dobrowolsky,  Pflug. 
Arch.  z.  66  (Abstract  of  both  in  CentralblaUf  No.  30, 1876). 

Cbossinq  of  the  TROCHLEA.RES. — S.  Exner  {Wien.  Acad.  SUzwngBh. 
1874,  Lxx.  161)  remarks  the  difficulty  of  deciding  from  anatomical 
considerations  whether  there  is  an  actual  crossing  of  the  two  Nn. 
trochleares  in  the  velum  medullare  (Stilling,  Meynert),  or  whether 
only  a  commissure  is  present  (Schroder,  van  d.  Kolk).  Elzner  stimu- 
lated the  corresponding  part  of  the  velum  electrically  and  found  that 
only  the  eye  of  the  stimulated  side  moved.  There  is  therefore  only  a 
commissure,  and  not  a  crossing  of  the  Nn.  trochleares  in  the  velum^ 
else  both  must  have  moved  simultaneously. 

P.  L.  Panum,  *'  Sur  la  determination  de  la  distance  qui  s6pare  lea 
centres  de  rotation  des  Yeux."  Nordiskt  med.  Arkiv.  vil.  1876.  The 
author  in  this  research  shews  how  the  prismatic  effects  which  arise 
from  using  the  peripheral  parts  of  concave  and  convex  spectacles  may 
be  avoided.  It  is  also  shewn  how  the  distance  of  the  centres  of 
rotation  of  the  eyes  is  measured  by  deteimining  the  distance  of  the 
optic  axes,  when  these  are  fixed  in  a  parallel  position,  and  also  when 
the  distance  of  the  pupil  is  measured,  the  eye  being  accommodated 
for  a  distant  object. 

Blood  cmd  drcuUUing  System. 

On  Ozone  and  its  action  on  the  Blood. — Joh.  Dogiel 
{CentrailblaUj  No.  30,  1876)  sums  up  the  results  of  his  investigatioiiB 
thus  : — 1.  By  the  action  of  electricity  upon  oxygen,  according  to  the 
author,  two  different  modifications  of  ozone  are  produced.  2.  Ozone 
prepared  from  pure  O.  by  electricity  and  collected  over  water,  or 
pure  H^SO^i  did  not  decompose  completely  for  a  long  time  (seven 
daj^).     3.  Water  only  absorbs  a  small  quantity  of  undecomposed 
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oaane.     4.  The  Mood  k  very  strongly  changed  hj  osone,  ito  action 
being  chiefly  upon  the  coloured  oorpuscleB.     5.  The  colouring  matter 
of  the  blood-corpuscles  is  excreted  and  the  bluod  becomes  darker  even 
in  the  course  of  5  to  15  min.  after  the  passage  of  the  ozone.     6.  By 
a  prolonged  (one  hour)  action  of  ozone  upon  previously  defibrinated 
blood,  the  blood  becomes  darker,  and  in  thin  layers  transparent. 
7.  Blood  changed  in  this  way  loses  the  property  of  excreting  haomo- 
globin  crystals  on  the  addition  of  ethylic  alcohol,  or  ether,  or  chloro- 
form.    8.  As  the  blood  becomes  darker  it  becomes  more  sticky,  and 
the  bubbles  of  gas  which  arise  during  the  process  last  very  long. 
9.  After  this  stage  a  tough  body  is  secreted  from  the  blood  in  flakes, 
which  under  the  microscope  are  seen  to  be  composed  of  fibres :   by 
repeated  washings  in  water  and  when  prepared  pure  this  body  in  its 
physical  characters  is  not  to  be  distinguished  from  fibrin.     10.  With 
prolonged  conduction  (three,  four  or  more  hours)  of  osone  through  it 
the  colour  of  the  haemoglobin  of  the  blood-corpuscles  changes,  the 
red  of  the  hsmoglobin  and  hmmatin  becoming  changed  into  a  dirty 
yellowish  green,  similar  to  that  which  is  produced  by  the  action  of 
H^  upon  blood.     At  last  the  change  in  the  colour  goes  so  fkc  that 
the  blood  becomes  quite  colourless.     11.  The  discoloration  by  ozone 
proceeds  specially  rapidly  when  blood  much  diluted  with  water  is 
taken  instead  of  the  undiluted  defibrinated  blood.     12.  Defibrinated 
blood  discoloured   by  ozone  consists  of  a  colourless  fluid  and  an 
albuminous  body  which  in  its  physical  characters  corresponds  to 
fibrin.     13.  The  formation  of  this  substance  from  defibrinated  blood 
(dog  and  frog)  is  obviously  caused  by  the  change  of  the  hemoglobin 
of  the  blood-oorpusclea     14.  A  solution  in  acetic  acid  of  h«matin  pre- 
pared after  the  method  of  Prof.  Gwosdew  and  washed  with  ethylic 
ether,  becomes  colourless  on  passing  ether  through  it.     15.  Blood  of 
a  dog  poisoned  with  carbonic  oxide  gas  acquires  in  a  comparatively 
short  time  the  properties  of  normal  blood;  on  passing  ozone  through  it 
it  becomes  diurker  through  the  action  of  00 ,  and  arterial  by  the 
taking  up  O.     Ozone  acting  on  blood  poisonea  with  00  causes  00, 
to  be  given  off.     16.  The  blood  of  a  dog  poisoned  with  00  does  not 
become  so  rapidly  dark  on  passing  ozone  through  it,  and  also  becomes 
more  slowly  discoloured  than  normal  blood,  and  blood  treated  with 
ocone  loses  its  property  of  excreting  crystals  of  hemoglobin  more 
rapidly  than  blood  poisoned  with  00.     17.  The  change  which  the 
red  and  white  blood-corpuscles  undwgo  through  the  action  of  ozone 
must  not  be  confounded  with  the  change  that   00,  produces  (as 
Dewar  and  M^Kendrick  have  done).     18.   The  bile  (dog  and  frog) 
assumes  at  first  a  yellowish  brown  colour  on  the  passage  of  ozone, 
but  tdtimately  it  becomes  colourless,  as  has  been  already  observed  by 
V.  Gorup-BesiEineK.     19.  Ohlorophyll  loses  its  green  colour  and  be-' 
comes  yellow. 

George  Gulliver  (Proe,  ZooL  Soc.  June  15,  1875)  gives  copious 
observations  on  the  sizes  JlSTd  shapes  09  the  bed  blood-corpusoles 
of  vertebrates,  with  a  plate  of  them  all  drawn  to  a  uniform  scale, 
and  extended  and  revised  tables  of  measurements.  While  presenting 
evidence  of  the  hopelessness  of  absolute  precision  and  agreement  in 
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such  measturementB,  he  insiflts  on  the  practicability  of  a  regular 
concordanoe  in  the  estimates  of  the  relative  sixes  of  the  coipuaclesy 
notwithstanding  their  variations  in  this  or  that  animal,  and  the 
occurrence  of  personal  or  instrumental  errors.  Thns  in  a  single 
order  or  family  the  corpuscles  are  constantly  seen  to  be  smaller  in 
some  than  in  other  species ;  e.ff.  in  the  Tragules  than  in  other 
Ruminants,  in  Paradoxnres  than  in  Dogs,  in  Hippopotamus  than  in 
Elephas,  in  Mus  than  in  Hydrochserus,  in  Dasypus  villosus  than  in 
Orycteropus  capensis,  in  Bhea  amerieana  than  in  Casuarius  japonicus, 
in  Zootica  vivipara  than  in  Anguis  fragilis,  in  Bufo  viridis  than  in 
Bufo  vulgaris,  in  Gsmerus  than  in  Salmo.  In  like  manner  different 
orders  are  often  easily  distinguishable,  such  as  the  Edentates,  by  the 
largeness  and  the  Ruminants  by  the  smallness  of  the  corpuscles.  Still, 
though  these  two  orders  are  thus  characterised,  there  are  ruminants  in 
which  the  corpuscles  are  larger  ihan  in  some  Fere,  and  other  Fene  ia 
which  the  corpuscles  are  larger  than  in  a  few  Jildentates.  In  this  last- 
named  order,  in  Uie  pinnipid  Ferse,  and  in  the  two  elephants,  the 
largest  loiown  oiammaiian  corpuscles  occur ;  in  the  Tragules  the  small- 
est. As  to  the  imtpertant  medico-legal  qfuestion  concerning  the  dia- 
gnosis,  by  micrometry,  of  human  blood-corpuscles,  the  author  decides, 
according  to  his  old  observations,  -that  it  would  be  difficult  or  impos- 
sible thus  to  distinguish  human  blood  from  that  of  dogs  and  monkeys  ; 
and  from  his  recent  measurements  of  the  corpuscles  from  the  musk-rat 
(Sorex  indicus),  it  appears  that  the  difficulty  of  distinction  between 
the  blood-discs  of  this  Insectivore  and  those  of  the  human  subject 
might  prove  insuperable,  as  it  did  prove  when  the  author's  son 
originally  made  the  examination ;  and,  considering  the  frequency  of 
this  8o-<»lled  musk-rat  within  the  houses  and  elsewhere  at  the 
Mauritius,  the  Hkeness  of  its  corpuscles  to  those  of  man  may  Boime 
day  give  rise  to  perplexity  in  the  law-courts.  In  the  cam^s  only 
among  mammals  are  the  blood-corpuscles  oval ;  but  both  in  structore 
and  size  they  conform  to  the  apyrensematous  type.  In  birds  and  reptileB 
there  is  no  exception  to  the  oval  shape  of  the  corpuscles,  and  so  little 
difference  in  either  class,  that  each  whole  class  has  in  these  respectB 
less  value  than  an  order  of  Apyrensemata.  The  breadth  of  the 
corpuscles  in  birds  corresponds  to  the  diameter  of  the  corpuscles  in 
mammals.  The  largest  corpuscles  of  birds  are  found  in  the  Oursores 
and  Rapaces,  and  the  smallest  in  the  little  Grranivore,  Insectivone  and 
Anisodactyli.  Neither  in  the  class  of  Birds  nor  in  that  of  Reptiles 
are  the  corpuscles  ever  more  than  twice  laiger  in  one  than  in  another 
species ;  though  in  some  mammals  this  difference  is  sometimes  five- 
fold. While,  as  long  since  known,  the  laigest  corpuscles  of  verte- 
brates occur  in  the  tailed  Batrachians,  the  anourous  species  of  this 
class  have  corpuscles  not  always  larger  than  those  of  the  sharks  and 
rays  and  of  a  few  reptUes.  In  the  two  cauducibranchiate  Batrachians, 
Amphiuma  and  Sieboldia,  the  corpuscles  are  larger  than  in  the 
perennibranchiate  Siredon.  In  osseous  fishes  the  laigest  oorpusdes 
are  those  of  the  Salmonidas,  and  of  the  river  Eels  of  Britain  and 
Roderiguez;  and  the  smallest  are  found  in  the  little  Acanthopteri 
and  Anacanthini,  and  in  the  Sprat  and  Herring.     Lepidosiren  has 
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tbe  dorpnades  so  large  as  to  lose  in  this  respect  the  character  of  any 
regnlar  fish,  and  present  a  tme  sanrobatrachian  relation.  Though 
the  largest  iohthyic  oorpnacles  occnr  in  Plagioetomi,  the  corpuscles 
are  not  larger  in  the  cartilaginous  sturgeon  than  in  the  osseous 
salmon.  As  to  the  relation  between  the  aixe  of  the  corpuscles  and 
that  of  the  species,  this  in  Apyrensemata  by  no  means  applies  to  the 
class,  but  only  to  orders  or  smaller  sections  of  it ;  while  in  birds  this 
relation  extends  throughout  the  class;  but  neither  to  reptiles  nor 
fishes,  save  in  some  partial  instances  rather  indeterminate  or  acciden- 
tal than  regular.  The  physiological  import  of  the  corpuscles  is  not 
developed  in  the  present  memoir;  but  the  author  insists  on  their 
iaxonomic  value,  and  on  the  propriety  of  always  recognising  this 
in  the  descriptions  of  the  classes  and  .orders,  and  sometimes  of  the 
qpecies^  in  works  of  systematic  zoology. 

Ok  the  OoNTBAflriLB  Elements  in  the  Blood  and  Ltmph- 
Capillaries. — ^F.  Tarchanoff  {Pflftig.  Arch,  nL  407,  CerUralblaU,  No. 
30,  1875)  has  studied  the  properties  of  the  contractile  elements  in  the 
walls  of  the  blood-  and  lymph-capillaries  with  regard  to  stimuli  He 
employed  for  the  most  part  the  transparent  tail  of  the  young  larvfls  of 
frogs,  and  as  a  stimulus  the  induced  current  of  different  intensities 
and  duration.  For  narcotisation  and  to  render  the  animals  passive, 
he  employed  a  three  p.c.  mixture  of  alcohol,  in  which,  after  about 
fifteen  minutes,  the  animals  became  quite  passive.  The  voluntary 
muscles  no  longer  reacted  to  strong  stimuli,  whilst  no  disturbance  of 
the  circulation  was  to  be  observed.  If  a  blood-capillary  with  lively 
circulation  and  clearly  obvious  spindle-shaped  nuclei  was  placed  under 
a  very  high  power,  and  was  then  stimulated  by  a  moderately  strong 
current  for  15 — 20  seconds,  then  a  shortening  and  thickening  of  the 
spindles  soon  became  obvious,  by  which  the  lumen  was  narrowed,  and 
Bometimes  completely  obliterated.  If  the  stimulus  acts  for  2 — 3 
minutes,  the  elements  retain  their  contracted  form  and  the  capillaries 
remain  impervious  to  the  currents  of  blood,  or  if  the  stimulating 
current  is  soon  interrupted  however,  the  spindle-elements  soon  regain 
ihevc  original  shape.  The  blood-current  returns  to  its  normal  condi- 
tion. The  same  experiment  can  be  repeated  several  times  on  the 
same  elements,  until  at  last  the  cells  no  longer  return  to  the  normal 
Btata  By  the  closure  of  the  capillaries  a  slowing  of  the  current  is 
produced  in  the  corresponding  artery  with  consecutive  dilatation, 
whilst  stasis  begins  in  the  veins. 

Mechanical  and  chemical  stimuli  produce  the  same  changes,  and 
the  freshly  excised  webs  and  membrana  nictitans  of  a  frog  conduct 
themselves  analogously.  Further,  in  employing  the  electricity  it  was 
fi>und  that  the  spindles  at  the  point  of  origin  of  the  capillary  from  the 
artery  contracted  firsts  and  generally  very  early.  The  lymph-capil- 
laries shewed  the  same  phenomena;  if,  however,  very  strong  currents 
were  employed,  the  spindle-elements  of  the  walls  of  the  lymphatic 
capillaries  were  not  only  simply  thickened  as  with  the  blood-vessels, 
they  rather  became  pale,  their  contours  disappeared,  and  their  nucleus 
-appeared  in  a  rounded  form.     Twice  the  author  observed  that  the 
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protoplasm  of  those  oells  which  had  become  pale  feU  into  fine  particles, 
which  fell  into  the  passing  lymph-current.  The  author  farther  be- 
lieves that  the  rounded  nuclei  of  the  disintegrated  cells,  which 
remained  at  first,  are  ultimately  removed  by  the  lymph-currents. 
The  changes  in  the  spindle-elements  of  the  capillary-waU  the  author, 
in  opposition  to  Qoluben,  regards  as  a  vital  process. 

In  the  course  of  his  inventigations  T.  had  an  opportunity  of 
proving  that  the  body  of  die  fixed  connective-tissue  corpuscles  also 
becomes  thicker  afber  a  long  continued  electrical  stimulation;  the 
change  is  clearly  but  slowly  produced.  With  gentle  inflammatory 
stimuli  the  spindles,  after  they  have  been  shortened  for  a  day,  gradu- 
ally resume  their  original  form.  The  out-wandering  of  colourless 
blood-corpuscles,  with  the  other  phenomena,  continue.  The  author 
concludes  that  the  hypothesiB  of  Qoluben — that  all  inflammatory 
phenomena  are  caused  by  the  change  in  the  capillary  wall — is  £Edse. 

Tarchakoff  on  the  Canals  which  abe  supposed  to  oohnect 
THE  Blood-vessels  with  the  Lymphatics. — J.  Tarohanoff  (Journal 
de  la  Physiologie,  July,  1875)  reviews  the  opinions  of  Kolliker, 
Yirchow,  Recklinhausen,  and  specially  of  Arnold,  upon  the  direct 
communication  of  the  blood-vesaek  with  the  lymphatics.  He  has 
injected  the  blood-vessels  and  lymphatics  of  the  web  of  the  frog's  foot 
with  Prussian-blue  solution,  either  alone  or  mixed  with  gelatine. 
Even  after  ligature  of  the  veins  of  the  limbs,  followed  as  it  is  by 
cedema,  the  author's  uniform  result  was,  the  injection-maes  was  never 
found  outside  the  walls  of  the  vessels,  unless  there  had  been  rupture 
of  the  walls  of  the  vessels,  when  the  mass  spread  itself  between  the 
interstices  of  the  connective  tissue  outside.  As  to  the  injection  c^ 
the  corpuscles  of  the  connective  tissue  by  such  a  method,  the  author 
believes  that  such  a  view  is  quite  untenabla  He  utterly  denies  the 
existence  of  a  set  of  canals  connecting  the  blood-vascular  and  lyni- 
phatic  systems. 

Eouget  on  the  Migrations  and  Metamorphoses  of  thb 
White  Corpuscles  of  the  Blood. — Ch.  Houget's  new  investiga- 
tions on  the  circulation  of  the  larv»  of  frogs  have  shewn  (Archiv. 
de  Physidffie  Norm,  et  Pathol,,  1874,  812,  and  CerUraMUt,  No.  21, 
1875)  that  the  red  corpuscles  in  their  diapedesis  through  the  walk  of 
the  vessels  remain  perfectly  passive.  The  intra-vascular  pressure 
causes  one  corpuscle  after  another  to  pass  through  the  cell-protc^lasm 
and  the  structureless  cuticula  of  which  the  walls  of  the  young  capil- 
laries consist  In  that  the  red  corpuscles  are  incapable  of  self-move- 
ment, they  cannot  again  regain  tlieir  normal  forms,  which  they  have 
lost  by  being  passed  through  the  capillary  walls.  They  therefore  soon 
degenerate  in  their  foreign  surrouu  dings  outside  the  blood-vessels. 
The  white  blood-corpuscles  arise  from  the  fixed  connective-tissue  cor- 
puscles, and  are  returned  to  the  blood  by  the  lymph.  In  virtue  of 
their  amoeboid  movements  they  are  able,  independent  of  the  blood- 
pressure,  to  pass  through  the  vascular  wall.  As  soon  as  they  meet  a 
red  blood-corpuscle  outside  the  vessel  they  surround  it  with  their 
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prooe88e&  In  the  interiar  of  the  white  corpuacle  the  red  one  b  dis- 
Bolredy  it  falla  into  pigment-grannies,  and  thereby  transforms  the 
Gorpuade  into  a  pigm^nt^^elL  The  latter,  just  like  the  original 
leoooeTtes,  are  capable  of  amcsboid  movements,  thej  pass  partly  into 
the  vessels,  and  their  further  fate  is  unknown ;  and  partly  they  form 
pigmented  tanicte  adventitis  of  the  vessels  and  nerves,  together  with 
the  chromatogene  layer  of  the  subcutaneous  tissue.  The  star-like 
subepidermal  pigment-cells  arise  originally  from  white  blood-cor- 
puscles. On  the  application  of  mechanical  stimuli  the  pigment-cells 
which  arise  from  the  white  corpuscles  collect  around  the  scar  and 
form,  neoplasms  whose  structure  is  similar  to  the  caro  luxurians  of 
the  wounds  of  mammalia. 

Lbwik  out  THB  Action  of  Aconitih  on  the  Heart. — L.  Lewin 
{CeniralhkUt,  No.  25,  1875),  working  under  Liebreich's  direction, 
fincb  the  following  results : 

1.  The  action  of  aoonitin  in  doses  of  0'Q25 — 0-015  grammes  in 
frogs  diminishes  very  pronouncedly  the  frequency  of  the  heart's 
action,  and  this  diminution  is  most  rapid  when  the  drug  is  injected 
into  the  veins ;  it  occurs  more  slowly  when  given  subcutaneously,  and 
slowest  of  all  when  it  is  injected  into  the  stomach.  The  mean  dura- 
tion of  the  time  when  it  is  injected  into  the  veins  is  one  hour,  and 
by  subcutaneous  injection  two  hours. 

2.  In  some  cases  this  slowness  was  followed  by  an  increase  of  the 
frequency  of  the  heart's  action,  lasting  for  a  very  short  time,  the 
heart's  action  soon  becoming  irregular,  o^  it  passed  ii^to  standstill, 
always  in  diastola 

3.  At  the  end  of  ahnost  all  ezperiipgients,  an  arhythmical  action  of 
the  heart  occurred,  mostly  caused  by  a  more  frequent  pulsal^ign  of  t^ 
auricles,  sometimes  the  auricles  j^lone  oontractiog. 

4.  The  peripheral  nerves  suffered  with  medium  doses  (0*005-*^ 
0-008  grammes)  a  marked  diminution  in  their  exgitabiUty,  with 
lai^r  doses  paralysis. 

5.  FosUmortem  electrical  stimulation  did  not  always  .cayse  the 
heart  to  contract. 

In  warm-blooded  animals  the  phenomena  are  more  marked,  the 
most  pronounced  symptom  being  the  strong  dyspnoea.  In  opposition 
to  Achscharumow,  the  author  £nds  that  rabbits,  even  after  an  abso- 
lutely fatal  dose,  can  be  kept  alive  by  su-tificial  respiration.  The 
author  assigns  a  direct  action  on  the  respiratory  centre  in  the  medulla 
as  the  cause  of  the  dyspnoea. 

As  constant  as  the  dyspnoea  is  a  quantitative  and  qualitative 
change  in  the  heart's  action,  similar  to  the  effects  already  observed  by 
Bohxn  and  Wartmann.     The  author  tabulates  his  views  thus  : 

1.  The  anomalies  in  the  heart's  action,  occurring  in  poisoning 
with  acomitin,  are  not  caused  by  an  affection  of  the  medulla  ob- 
longata. 

2.  The  observed  and  apparently  contradictory  results  of  the 
experiment  can  be  united  into  two  groups ;  both  comprise  a  lesion 
of  the  ganglionic  centres  in  the  heant,  and  are  thus  distinguished,  the 
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one  coincides  with  tlie  integrity  of  the  Viftgi,  the  other  with  theif 
pandjBis. 

3.  The  integrity  or  paralTsiB  of  the  vagi  depends  upon  whether 
the  intmcardial  endings  of  the  yagns  ftre  stimnlated  ftar  some  time  or 
are  paralysed  at  once. 

4.  The  difference  in  the  action  is  qnite  an  indmdoal  one>  and 
does  not  belong  to  the  poison. 

The  often  obserred  arhythmical  pnlse  is  explained  by  the  non- 
simnltaneous  and  unequal  efiect  of  the  aconitin  on  the  one  or  other 
cardiac  centre,  perhaps  caused  by  its  unequal  distribution  in  the 
blood. 

EzPKRIMEliTAL    CONTKlBUTiONS   TO  THE    DOCTBIKE    OF    TrAHSFU- 

Bioir.— Ponfick  {Virek.  Arch.,  1874,  Lxn.  273,  CerUralhlaU,  Na  26, 
1875)  investigated  ezclusiyely  on  dogs,  the  two  fiictors,  tiz.  the 
mechanical  and  chemical  effects  of  transfusion.  As  to  the  mechanical 
effects,  the  author's  results  coincide  with  those  of  Worm  Mtdler 
(Jour,  of  Anal,  and  Phys.  rx.  222).  Laige  quantities  of  artificial  or 
natural  serum,  which  increased  the  original  quantities  of  blood  about 
one-half^  were  only  able  to  produce  quite  temporary  oppression. 

With  regard  to  the  chemical  effects,  the  author  shews  the  complete 
haimlessness  of  large  doses  of  similar  blood,  whether  defibrinated  or 
transfused  directiy.  It  is  quite  different,  however,  with  other  kinds 
of  blood.  On  transfdsing  the  blood  of  lambs  into  a  dog  death 
occurred,  as  well  with  defibrinated  as  with  non-defibrinated  blood, 
and  this  when  the  dose  was  twelve  per  thousand.  Experiments  with 
different  kinds  of  blood  shewed  that  a  scale  of  di£ferent  kinds  of 
blood  could  be  constructed  for  the  dog  when  death  took  place.  It 
begins  with  2  per  1000  with  the  blood  of  the  calf  and  pig,  and  with 
the  blood  of  hens  20—25  per  1000.  The  other  kinds  of  blood 
stand  between  these  extremes. 

The  most  pronounced  post-mortem  appearance  from  transftosion 
with  heterogeneous  blood  is  in  the  kidney.  They  are  greatly 
swollen,  and  mosUy  pale.  The  microscope  shews  that  the  oonvoloted 
*and  straight  tubules  are  filled  with  solid  plugs  of  a  brownish  colour, 
the  colour  not  arising  from  the  presence  of  blood-corpusdes,  but  from 
a  uniform  imbibition  with  a  substance  like  haemoglobin.  Red-coloured 
transudations  were  only  observed  in  tiie  large  cavities  when  death 
occurred  very  rapidly.     Clots  were  not  found. 

The  changes  described  in  the  kidneys  form  the  anatomical  sub- 
stratum of  the  often-remarked  bloody  colour  of  the  urine  in  man  and 
animals.  The  condition  should  not  be  tenned  hsBmaturia,  but  hasmoglo- 
binuria.  This  condition  begins  30 — 60  minutes  after  the  operation,  as  I 
was  shewn  by  introducing  a  catheter  into  the  bladder  of  bitdlies  snd 
examining  the  urine  frotSi  time  to  time  spectroscopically.  The 
quantity  of  colouring  matter  gradually  reaches  a  maximum  and  then 
falls.  The  quantity  of  blood  necessary  to  produce  this  result  varies 
with  the  different  kinds  of  blood. 

In  the  dog  the  lowest  limit  was  with  the  blood  of  the  p%  and 
calf,  which  produced  hemoglobinuria  with  1*25 — 1*60  perthousaud. 
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and  the  blood  of  hens  with  4*20 — 5*50  per  thousand.  In  the  rabbit 
the  yalues  are  much  smaller.  It  can  be  shewn  with  the  greatest 
certainty  that  this  symptom  is  due  to  the  solution  of  the  transfused 
coloured  blood-corpuscles,  which  after  several  hours  are  recognisable 
as  specks  in  the  blood,  and  the  same  is  true  if  lake-coloured  blood,  in 
which  the  red  blood-corpuscles  have  been  destroyed  by  repeated 
beeangj  is  taken  from  the  same  animal  and  inject^  instead  of  the 
fresh  Uood.  The  organism  does  not  appear  to  react  to  small  doses  of 
the  lake-coloured  as  well  as  of  the  fresh  heterogeneous  blood,  there  is 
a  condition  of  latency  for  a  single  transfusion  of  a  small  dose.  If  the 
small  doses  are  repeated  h»moglobinuria  also  occurs. 

The  injurious  property  of  heterogeneous  blood  therefore  appears 
to  depend  upon  Uie  destruction  of  Sie  blood-corpuscles  introduced. 
The  ludneys  have  the  chief  share  in  eliminating  the  btemoglobin  set 
free ;  they  may  therefore  be  thrown  into  a  condition  of  inflammation 
which  may  be  so  intense  that  copious  exudations  into  the  renal  tubules 
may  lead  to  complete  secretory  insufficiency  of  the  kidneys,  and  so 
cause  deatL 

From  this  Ponfick  concludes  that  if  heterogeneous  blood  is  at  all 
useful,  it  is  only  so  in  virtue  of  its  plasma  and  its  colourless  cor- 
puscles, whilst  the  value  of  similar  blood  is  doubtful 

Jakowicju  oir  the  Physiological  Action  of  Tjuksfusion  or 
Blood. — ^A.  Jakowicki  {Gazeta  Zekarska,  1875,  No.  1 — 11,  and 
CerUralblcUt,  No.  23,  1875)  conflrms  the  resulto  of  W.  MuUer  as  to 
defibiinated  blood  when  injected  into  an  animal  not  producing  blood- 
extravasions,  as  stated  by  Idagendie,  and  also  the  results  of  Landois, 
that  injection,  or  direct  transfusion  of  foreign  blood,  or  of  defibriQated 
blood,  is  followed  by  a  change  in  the  entire  blood  of  the  aiximal,  as 
manifested  in  the  excretion  of  hsemoglobin  in  the  urine.  If  the 
quantity  injected  is  not  too  large,  the  urine  dears  up  again  and 
resames  its  normal  condition.  In  these  experimeuts  the  blo^  of  the 
oat^  horse,  and  calf  were  transfused  into  dogs. 

In  injection  of  blood  where  the  corpuscles  had  been  dissolved,  no 
matter  i^  method  employed  to  produce  soluticm  or  injection  of  a 
^flolotion  of  hsemoglobin,  the  author,  like  other  observers  (Francke 
and  Naunyn),  found  that  ooagula  were  formed — specially  pulmonary 
infjuncti — which  caused  death.  In  dogs  hematuria  was  constant,  and 
often  convulsions  were  present. 

According  to  Alex.  Schmidt  the  fibiin-ferment  is  formed  after 
the  blood  escapee  &om  the  vessel  On  injecting  defibrinated  blood  a 
oonsiderable  quantity  of  this  ferment  is  introduced  into  the  blood. 
The  aothor  fMrepared  this  ferment  after  the  method  of  Alex.  Bchmidt, 
and  injected  large  quantities  of  it  after  liaving  tested  it  with  the 
plaama  of  dc^'  and  horses'  blood.  The  aathor  concludes  (1^  that  the 
fibrin-ferment  is  a  normal  constituent  of  the  blood  circulating  in  the 
otgaxdam  (in  opposition  to  Alex.  Sdimidt).  (2)  The  organism  can 
destroy  the  ferment  injected  into  the  vessels  so  that  the  surplus  dis- 
appears after  a  time,  and  the  qiumtity  of  the  ferment  returns  to  the 
normal.     (3)   The  organism  presents  conditions  which  are  able  to 
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limit  the  action  as  well  of  the  ferments  introduced  from  witLoot  ad 
that  circulating  normally  in  the  blood. 

Heapiraiory  Syskm, 

Respibatort  MoyEXENTS. — S.  Mayer  {Wiener  Acad,  SUzungdfer. 
LXix.  3  AbtL,  CentrMlcUt,  No.  20,  1875)  remarks  that  if  the  vagus 
is  stimulated  imtil  complete  standstill  of  the  heart  is   produced, 
daring  the  complete  cessation  of  the  heart's  action  the  inspirations 
become  more  rapid  and  deeper.     If  the  stimulation  is  now  suddenly 
interrupted  so  that  with  the  returning  contractions  of  the  heart  the 
blood-pressure  tends  to  rise  rapidly  to  the  height  it  had  before  the 
stimulation,  then  there  foUows  the  previously  noted  rapid  and  deep 
respirations,  a  complete  standstill  of  the  respiration,  which  under  the 
most  fiivourable  circumstances  may  last  half  a  minute.     The  stand- 
still of  the  respiration  occurs  with  expiration.     If  the  stimulation  of 
the  vagus  is  interrupted  after  a  short  sandstill  of  the  heart,  so  that  a 
series  of  rapid  beats  may  follow,  and  then  a  new  standstill  be  again 
produced,  then  a  long  pause  in  the  respiratoiy  movements  follows 
each  period  that  the  heart  begins  to  beat  again.     These  phenomena 
are  explained  by  the  author  upon  the  basis  of  Rosen thal's  theory  of 
respiration.     By  the  standstill  of  the  heart  we  stop  the  supply  of 
blood  to  the  respiratory  centre  in  the  medulla,  and  as  blood  which 
has  stagnated  by  the  progressive  diminution  of  its  oxygen  excites 
this  centre  more  strongly,  so  more  rapid  and  deeper  respirations 
result  (Dyspnoea).     These  deep  and  rapid  respirations  will  obviously 
assist  the  quantity  of  blood  in  the  lungs,  and  render  it  highly  arterial. 
The  succeeding  standstill  in  the  respiration  is  nothing  more  or  less 
than  a  condition  of  apnoea.     If  during  the  standstill  of  the  heart 
the  animal  is  allowed  to  respire  in  a  close  space  by  means  of  a  narrow- 
connection  which  renders  the  exchange  of  gases  difficult,  the  stand- 
still in  the  respiration  does  not  appear,  but  the  symptoms  of  dyspncaa 
continue. 

Excretion  of  Alcohol  by  Respiration. — ^A.  Schmidt  {CerUral- 
hlatt,  No.  23,  1875),  working  in  Binz's  laboratory,  finds  in  hia 
experiments  when  50  cc.  of  absolute  alcohol  were  taken  that  at  most 
traces  were  excreted  by  the  lungs. 

Spleen. 

Taeghanoff  and  Swaen  on  the  White  Corpuscles  of  the 
Blood  of  the  Spleen. — ^The  spleen  is,  as  is  well  known,  regarded 
as  a  former  of  white  blood-corpuscles,  and  the  splenic  venous  blood  is 
generally  admitted  to  contain  a  disproportionately  large  number  of  white 
blood-corpuscles.  J.  Tarchanoff  and  A.  Swaen  (JourncU  de  Fhyndoffie, 
July,  1875)  were  led  to  test  the  acciuucy  of  this  statement.  Their 
experiment  were  made  upon  dogs  and  rabbits,  which  had  had  no 
food  for  sixteen  or  eighteen  hours  previous.  The  method  adopted  for 
counting  the  blood-corpuscles  was  that  of  Melasaez.  They  find  that 
in  the  dog,  under  conditions  as  normal  as  possible,  there  is  never 
such  an  enormous  quantity  of  white  blood-corpuscles  in  the  venous 
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blood  of  the  splaen  as  is  nsuallj  attributed  to  it.  lAlatation  of  the 
spleen  ^sucfa  as  is  prodaced  by  section  of  its  nenres)  is  immediatelj 
foUowea  by  a  dhninafcidn  of  the  number  of  white  oorpusdes  in  the 
splenic  veins. 

Immediately  after  section  of  the  nerres  tiiere  is  a  considerable 
diminution  of  the  number  of  white  blood-oorpuscles  in  the  splenic 
veins,  but  the  longer  the  time  after  section  of  the  nerves  the  more 
pronounced  is  the  diminution  of  their  number.  This  diminution  of  the 
white  blood-corpuscles  in  the  total  mass  of  the  blood  can  only  be 
accounted  for  by  a  mechanical  accumulation  of  the  corpuscles  in  the 
splenic  pulp,  by  thor  destruction  in  the  interior  of  the  spleen,  or  by 
their  transformation  into  red  corpusclesL  The  experiments  were 
made  in  GL  Bernard's  laboratory. 

Blood  of  tehb  Sfleek. — L.  Malasses  and  P.  Picard,  Comptes 
Eendusy  uxiz.  1511.  The  blood  of  the  splenic  vein  is  of  a  different 
colour  according  as  the  splenic  veins  are  stimulated  or  paralysed. 
The  latter  condition  is  accompanied  by  an  increase  in  the  blood- 
corpuscles  and  the  capacity  for  0.  The  difference  between  the  blood 
of  the  splenic  vein  and  artery  is  only  pronounced  afler  sectiou  of  the 
splenic  nerves ;  the  blood  of  the  vein  then  exceeds  that  of  the  artery 
in  its  quantity  of  corpuscles  and  capacity  for  0.  This  difference  ia 
a  function  of  the  spleen,  for  it  is  not  manifested  by  other  venous 
UoodS|  e,ff,  froTR  the  jugular  vein  after  section  of  the  sympathetic. 
The  authors  then  investigated  the  effect  of  section  of  the  splenic 
nerves  upon  the  number  of  blood-corpuscles  in  the  entire  blood,  and 
Ibund  their  number  more  or  less  pronouncedly  increased  in  the 
arterial  blood  some  time  after  the  operation,  which  then  again  disap- 
peared. Under  nonoal  conditions  the  blood  of  the  splenic  vein  is 
richer  in  corpuscles  than  the  arterial  blood  of  the  body.  As  the 
mean  of  four  observations  1  ccm.  of  the  former  contained  5,352,500 
blood-corpuscleSy  1  ccm.  of  the  latter  5,092,500. 

Digestive  System, 

On  Peptones,  akd  Feeding  therewith. — P.  PIosb,  P/tiig.  Arch. 
IX.  325,  and  On  the  Chemical  Composition  and  Phtsioloocial 
Importance  of  Peptones.  R  Maly,  Ebendas.  585  (Abstract  of 
both  papers  in  CentrdEblaUy  No.  29,  1875).  Plosa  fed  animals  with 
peptones  to  test  whether  these  are  materials  fit  for  building  up  cells, 
L  e.  are  again  transformed  into  albumen  within  the  animal  body.  He 
prepared  an  urtificial  nutrient  fluid  consisting  of  5*0  peptone,  5'0 
grape-sugar,  3*0  fat  (butter  free  from  albumen)|  and  1*2 — 1-5  salts  in 
100  ccm.,  and  fed  therewith  a  dog  ten  weeks  old,  the  dog  originally 
weighing  1335  grms.  The  Aog  received  of  this  solution,  which  latterly 
was  made  more  concentrated,  360 — 440  ccm.  in  single  portions,  intro- 
duced into  the  stomach  artificially  for  18  days.  The  quantity  of 
nutrient  fluid  corresponded  in  N.  to  about  the  quantity  of  milk  that 
would  have  been  taken  spontaneously.  The  weight  of  the  animal 
increased  during  this  time  to  1836  grm.,  i.e.  500 grm.  The  newly- 
formed  tissue  could  only  have  proceeded  from  the  supplied  peptones. 
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and  it  is  thereby  proved  that  peptones  in  &ot  become  retranflformed 
into  albumen. 

These  same  queetione  have  been  investigated  independently  by 
Maly.  He  investigated  the  elementary  composition  of  fibrin  and 
the  peptones  prepared  by  digesting  the  same.  The  fibrin  employed 
after  having  been  purified  in  the  ordinary  way  was  treated  most 
thoroughly  with  ether.  By  this  process  it  did  not  lose  any  of  its 
properties,  but  acted  still  upon  hydrio  peroxide.  As  a  mean  the 
analysis  gave  per  cent  0.52*51,  H.  6*98,  N.  17*34.  Yarious  old 
analyses,  especially  those  of  Dumas  and  Gahours,  correspond  well 
with  this.  For  the  preparation  of  the  peptones  fibrin  was  employed 
together  with  artificial  gastric  juice.  (The  gastric  mucous  mem- 
brane— after  Briicke— -digested  with  phosphoric  acid,  and  precipitated 
with  lime-water;  the  precipitate  dissolved  in  HCl,  and  the  solution 
subjected  to  dialysis,  until  it  no  longer  gave  the  chlorine  reaction.) 
The  peptone-solution  was  freed  by  dialysis  from  the  NaCl  which 
might  enter  with  carbonate  of  soda  for  the  neutralisation  of  the  acid 
solution.  The  solution  was  then  evaporated  and  precipitated  with 
alcohol.  Evaporating  the  alcoholic  eolation  and  precipitating  with 
alcohol,  a  new  precipitate  was  obtained.  All  these  precipitates  upon 
analysis  gave  nearly  coinciding  results,  of  which  this  is  the  mean : 
0.  51-4,  H.  6*95,  N.  17*13  per  cent.  On  comparing  these  numbers 
with  those  of  the  fibrin  there  is  a  small  diminution  in  the  quantity  of 
O.  and  N.  and  an  increase  of  the  0.  The  analyses  of  Thiry  gave  exactly 
the  same  results  for  albumen  and  albumen-peptones;  the  peptones 
vaiy  very  little  from  albumen,  and  are  probably  hydrates  of  cdbumen, 
and  are  certainly  the  only  product  that  arises  from  albumen  during 
digestion.  The  varying  results  of  Mohlenfeld  on  the  composition  of 
peptones  the  author  thinks  are  to  be  explained  by  changes  in  the 
peptones  through  the  method  of  preparation.  The  question  whether 
peptones  can  supply  the  place  of  albumen  in  digestion  was  tested  by 
Maly  upon  pigeons.  They  were  fed  upon  wheat,  and  the  quantify  of 
wheat  necessary  to  keep  up  the  body-weight  was  determined ;  ihej 
then  received  an  artificial  diet  in  the  form  of  pills,  which  resembled 
the  wheat,  only  peptones  were  substituted  for  the  albumen.  The  com- 
position  of  the  pills  was  the  following:  water  12*6,  starch  66*1,  ash  1  *6, 
fisit  2*0,  cellulose  3*5,  peptones  10*2,  gum  4*0  (the  peptone  was  not 
purified  by  dialysis).  As  a  rule  the  pigeons  received  wheat  and 
peptoHepills  together  in  varying  proportions,  and  sometimes  peptone- 
pills  alone.  The  body-weight  was  estimated  daily.  In  all  there  are 
Ifi  experiments,  lasting  from  4  to  30  days.  In  all  experiments  it  is 
shewn  that  the  weight  stationary  with  feeding  on  wheat  increases  on 
employing  the  pills,  and  in  the  later  series  of  experiments  it  is  proved 
that  the  body-weight  fell  again  on  feeding  with  wheat.  The  cause  of 
this  phenomenon  probably  lies  in  this,  that  the  peptone  is  better 
absorbed  than  the  albumen  of  the  wheat  Oertainly  however  there  is 
here  again  the  result  that  the  peptone  passes  again  into  albumen. 

Pancreas  PEPTONE.  —  B.  Kistiakowsky   {Pfiiig.   Arch,   ix.    438) 
wished  to  compare  the  elementary  composition  of  fibrin  with   the 


BEPOBT  ON  PHYSIOLOOT.  215 

pq>ioin6  which  resahs  from  it.  The  fibrin  was  purified  by  treating 
it  with  a  3  per  oent.  boL  of  NaCl,  washed  for  a  long  time  in  water 
and  extracted  with  alcohol  and  ether,  and  yielded  52*32  C,  7*07  H., 
16-23  N.,  1-35  S.,  23-03  0.  The  digestion  waa  produced  by  the 
glycerine  extract  of  the  pancreas,  and  was  continued  as  long  as 
was  necessary  to  dissolve  the  fibrin,  the  peptone  was  precipitated  by 
alcohol,  and  freed  irom  leucine  by  washing  with  alcohol,  and  then 
treated  with  silver  oxide.  The  solution  was  strongly  fluorescent. 
The  analysis  yielded  42*72  C,  713  H.,  15-92  N.,  103  S.,  33-2  O  : 
shewing  a  marked  difTereaoe  from  the  fibrin  employed.  The  peptone 
treated  with  metallio  salts  prepared  from  vegetable  casein  had  almost 
the  same  composition,  viz.  C.43-4,  H.  702,  N.  1616,  S.  0-78,  O.  32*74, 
and  the  same  physiological  properties.  Peptones  prepared  from 
T^etable  caseine  (almonds)  by  tiie  action  of  pepsLu  and  HCl  gave 
idmost  the  same  composition.  The  formation  of  peptones  by  the 
gastric  digestion  is  not,  according  to  the  author,  accompanied  by  the 
formation  of  gas ;  and  even  in  the  pancreatic  digestion  the  formation 
of  gas  was  not  observed. 

Liver, 

On  the  Biliary  SECREnoK,  by  Pro£  Rutherford  and  M. 
Vignal,  Brit,  Med,  Joum,^  Aug.  14,  1875.  It  has  been  shewn  by 
Professor  Hughes  Bennett's  Committee  appointed  by  the  British 
Medical  Association,  that  in  dogs  with  permanent  biliary  fistule,  and 
living  upon  a  fixed  diet^  that  '^  spontaneous  diarrhooa,  dysentery,  and 
purgation  produced  by  blue  pill,  calomel,  corrosive  sublimate,  and 
podophylline,  always  diminished  the  solid  constituents  of  the  bile, 
and,  with  one  exception,  the  fluid  portion  of  the  bile  also." 

More  recently,  Rohrig  performed  experiments  on  the  action  of 
cholagogues  in  fasting  curarised  animals  with  temporaiy  fistulsa,  and 
found  that  large  doses  of  croton-oil  greatly  increased  the  secretion  of 
bile,  and  that  a  similar  effect^  though  to  a  less  extent,  was  produced 
by  colocynth,  jalap,  aloes,  rhubarb,  senna,  and  sulphate  of  magnesia, 
the  potcou^  of  these  agents  as  hepatic  stimulants  being  in  the  order 
mentioned.  He  found  also  that  castorKnl  had  little  effect,  and  that 
calomel,  while  it  seldom  recalled  the  bDiary  secretion^  nevertheless 
somewhat  augmented  it  when  it  was  taking  place  slowly. 

In  Dr  Rutherford's  and  M.  Yignal's  experiments  a  modification  of 
Bohrig's  method  was  adopted.  Dogs  which  had  fasted  for  eighteen 
hours  were  curarised,  and  artificial  respiration  maintained.  A  can- 
nula was  tied  in  the  common  bile-duct  j  the  cystic  duct  was  clamped. 
The  bile  flowed  from  the  cannula  into  a  finely  graduated  cubic  centi- 
meter measure,  and  the  quantity  secreted  was  recorded  every  fifteen 
minutesL  It  was  shewn  that  this  method  of  continuous  observation 
yielded  results  far  more  reliable  and  instructive  than  that  adopted  by 
Rohrig. 

Two  experiments  on  the  secretion  of  bile  in  dogs  that  had  fasted 
for  eighteen  hours,  and  which  received  nothing  more  than  the  doses 
of  curara  used  in  all  the  experiments  for  the  purpose  of  keeping  the 
animals  at  rest,  shewed  that  the  biliary  secretion  was  not  afiected  by 
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the  doses  of  cnrara  given;  that  the  bOiaiy  secretion,  on  the  whole/ 
somewhat  diminiBhes  in  l^e  couiae  of  an  experiment  lasting  from  six 
to  eight  hours,  but  that  the  chemical  composition  of  the  bile  remains 
almost  exactlj  the  same. 

The  curara  was  always  injected  into  a  vein;  the  various  substances 
hereafter  mentioned  were  injected  directly  into  the  duodenum;  for 
this  purpose,  the  wound  in  the  abdominal  wall  was  opened,  and  the 
substances  injected  through  the  wall  of  the  viscus. 

Three  experiments  with  croton-oil  shewed  that,  although  it  pro- 
duced violent  irritation  in  the  alimentary  mucous  membrane  in  all 
cases,  it  increased  the  biliary  secretion  in  only  one  instance.  A  high 
place  is,  therefore,  not  assigned  to  this  substance  as  a  stimulant  of  tibe 
liver. 

Six  experiments  with  podophylline  proved  that  this  substance 
greatly  increases  biliary  secretion.  A  definite  statement  regarding 
the  composition  of  the  bile  before  and  after  podophylline  will  be  given 
in  the  report. 

Rohng's  statement  that  aloes  deserve  a  high  place  as  a  hepatic 
stimulant  was  confirmed  by  three  experiments,  in  which  the  extract 
of  socotribe  aloes  was  employed.  The  analysis  of  the  bile  (not 
hitherto  given),  however,  shewed  that  after  idoes  the  bile  is  more 
watery;  nevertheless,  the  velocity  of  secretion  is  so  much  increased, 
that  it  certainly  causes  the  liver  to  excrete  more  biliary  matter. 

Three  experiments  with  rhubarb  proved  that  it  is  a  far  more 
important  hepatic  stimulant  than  Rohrig  has  staled  it  to  be.  Doses 
of  rhubarb  were  given  iline  times  in  the  course  of  the  experiments, 
and  they  never  &iled  to  excite  the  liver  within  half  an  hour  after 
they  were  given.  Analysis  of  the  bile  before  and  after  rhubarb  in  all 
the  three  experiments  proved  the  remarkable  fact  that,  notwithstand- 
ing the  greatly  increased  velocity  of  secretion  after  rhubarb,  the  bile- 
solids  secreted  by  the  hepatic  cells  are  not  diminished.  The  rhubarb 
apparentiy  calls  forth  an  increased  secretion  of  normal  bile. 

Three  experiments  with  senna  proved  that  its  power  as  a  chola- 
gogue  is  far  below  that  of  rhubarb.     The  bile  is  rendered  more  watery. 

Four  experiments  with  the  aqueous  extract  of  colchicnm  proved 
that  it  is  a  very  decided  cholagogue.  The  bile  was  rendered  more 
watery,  but  the  increase  in  the  v^oicity  of  secretion  was  such  that  the 
amount  of  biliary  matter  excreted  by  the  liver  was  certainly  increased. 

Two  experiments  with  the  solid  extract  of  taraxacum  proved  it  to 
be  a  cholagogue,  though  not  a  powerful  one. 

Two  experiments  with  scammony  proved  that  it  has  a  slight  chola- 
gogue action. 

Of  four  experiments  with  calomel,  the  secretion  of  bile  was  slightly 
increased  in  one,  but  there  was  nothing  btit  diminution  of  the  secretion 
in  the  other  three.  Purgative  action  was  produced  in  all.  The  bile 
was  rendered  more  watery. 

Two  experiments  with  gamboge  gave  no  evidence  that  this  sub- 
stance is  a  cholagogue. 

One  experiment  with  castor-oil  confirmed  Bofarig's  statement  that 
this  substaince  has  scarcely  any  cholagogue  power. 
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Two  experimenis  with  dilate  alcohol  injected  into  the  stomach 
shewed  that^  after  the  alcohol  was  given,  the  aecretion  of  bile  sli^tl j 
diminished. 

Post-mortem  examinations  were  always  made. 

It  was  shewn  that  the  increased  biliary  flow  from  podophylline, 
rhubarb,  etc,  in  these  experiments  could  not  be  ascribed  to  reflex 
contraction  of  the  gall-bladder;  for  this  had  been  previouslj  well-nigh 
emptied  by  digital  compression,  and  the  cystic  duct  had  been  clamped; 
nor  could  it  be  ascribed  to  reflex  spasm  of  the  laiger  bile-ducts,  for  the 
exaggeration  of  the  biliary  flow  was  &r  too  great  and  far  too  prolonged 
to  be  explained  in  this  way.  Keasons  were  adduced  for  regarding  it 
as  probable  that  the  agents  are  absorbed,  and  act  on  the  liver  directly. 
It  was  not  professed,  however,  that  their  mode  of  auction  was  definitely 
settled,  the  experiments  having  had  for  their  primary  object  a  deter- 
mination of  the  fjELcts  of  the  case. 

The  opinion  was  expressed  that  powerful  purgative  action  tends 
to  diminish  the  biliary  secretion. 

The  diminished  secretion  of  bile  in  ruynrfcuting  animals  after  podo- 
phylline,  observed  in  the  experiments  of  Dr  Bennett's  Committee, 
probably  resulted  from  a  diminished  absorption  of  food  from  the  ali- 
mentary canal,  in  consequence  of  the  purgative  action. 

When  a  hepatic  and  intestinal  stimulant,  such  as  podophylline,  is 
administered  to  an  animal  that  is  not  futing,  it  is  probable  that  (1) 
the  liver  is  excited. to  secrete  more  bile;  (2)  the  absorption  of  bile  and 
food  from  the  small  intestine  is  diminished  on  account  of  the  purgative 
effect. 


Action  of  thb  Bil&saltb  ov  ths  Animal  Econoxt. — J.  O. 
Brown,  (Proc  Bay.  Soc  Edin.^  1874 — 75,  62^  3)  concludes  from  his 
experiments : — 

1.  That  a  mixture  of  glycocholate  and  taurocholate  of  soda  when 
injected  hypodermically,  in  rabbits,  in  doses  of  40  grains  and  under, 
does  not  cause  any  immediate  disturbance,  but  is  almost  always  fatal 
(unless  the  dose  be  small)  in  a  period  varying  from  30  hours  to  3  or 
4  days. 

2.  That  such  injections  often  cause  an  increased  nitrogenous 
excretion  by  the  urine. 

3.  That  they  frequently  cause  diarrhoja. 

4.  That  they  are  followed  by  an  excretion  of  a  small  amount  of 
bile-acid  by  the  urine  invariably,  and  in  some  cases  that  bile-pigment 
is  also  so  excreted. 

5.  That  they  are  followed  by  a  fatty  degeneration  of  the  hepatic 
secreting  cells,  and  of  the  renal  epithelium. 

6.  That  they  cause  a  destruction  of  red  blood-corpuscles,  and 
consequently  an  apparent  increase  of  the  white. 

7.  That  they  are  frequently  followed  by  drowsiness  and  somno- 
lence. 

Ow  THB  Composition  op  Human  Bile. — D.  Trifanowsky,  PJliig, 
Arch,  IX.  493.     (Abst.  in  CetUralblaU,  No.  28,  1875.) 
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QemUhUrinary  System, 

''Origin  of  calcnli  from  the  presence  of  foreign  boditt  in  tbe 
bladder."    F.  Hoffmann,  Arch.  d.  Eeilkunde,  1874,  477. 

Bkboab  ov  the  Redvcdto  Acnoir  of  Suoab  ajbtd  TJbic  Acid  ih 
THE  Cold.— J.  Se^^  (CenlralblaU,  Na  21,  1875)  obeenres  that  it  ia 
well-known  that  nric  acid,  like  aogar,  can  reduce  cnprio  oxide  when 
heated.  In  order  to  aaoertain  the  w<Mrth  of  the  naoall j  cited  control- 
experiment^  he  tested  the  solution  with  Fehling's  solution,  and  al- 
lowed the  mixture  to  stand  in  the  cold  from  six  to  twenty-four  hours. 
It  is  said  that  if  sugar  is  present  reduction  follows  in  the  cold,  whiLit 
nrio  add  alone  in  the  cold  has  not  this  effect.  The  author,  howerer, 
finds  that  when  the  sugar  is  in  small  amount  it  loses  the  property  of 
reducing  cupric  oxide  in  the  cold.  A  O'l  per  cent,  wat^  solution 
<^  sugar  produced  a  scarcely  perceptible  reduction  in  the  cold,  whilst 
a  0'5  per  cent,  solution  had  no  reducing  action  at  aU  in  the  cold.  A 
0*5  per  eentk  solution  of  uric  add  acts  powerfully  as  a  reducing  agent 
in  the  cold  (such  a  quantity,  of  course,  never  occurs  in  the  urine). 
The  usually  dted  control-experiment  is,  therefore,  valueless,  when  we 
have  to  deal  with  small  quantities  of  sugar. 

Mammary  Okmds. 

Db  SiiriTY  OK  THE  MxuuM  or  Ksw-BORir  Infabts. — ^De  Sln^ty 
(Journal  de  Phydologie^  J^Jy  1875)  confirms  the  well-known  fact 
that  the  mamme  of  new-bom  children  of  both  sexes,  specially  at  the 
third  and  fourth  day  after  birth,  secrete  milk.  The  author  finds  that 
the  milk  which  is  obtained  from  the  mamma  of  new-bom  children, 
several  days  after  birth,  is  the  result  of  a  true  secretion,  and  that  ih» 
anatomical  and  physiological  state  of  the  mammary  gland  correspond- 
ing to  that  period  is  in  many  respects  comparable  to  that  which  is  to 
be  observed  during  lactation  in  the  adult  female. 

SHn. 

Absorption  by  the  SkUt. — A.  V.  Wolkenstein  {Centralblatt,  No. 
26,  1875)  employed  the  skin  of  frogs  stripped  from  off  the  1^  to 
test  its  permeability  to  solutions  of  various  substances,  perchloride  of 
iron,  ferrocyanide  of  potassium,  iodide  of  potassium  ext.  He  finds 
(1)  that  the  skin  is  permeable  for  watery  solutions,  but  not  for  concen- 
trated ones.  (2)  An  increase  of  temperature  of  the  solution  increases 
the  absorptive  power  of  the  skin;  the  absorption  is  in  direct  relation 
to  the  temperature  of  the  fluid.  (3)  In  young  animals  (rabbit,  cat^ 
mouse)  the  skin  absorbs  better  than  in  old  animals  of  the  same 
spede&  (4)  Hair  and  wool  hinder  the  absorption.  (5)  Some  alka- 
loids (atropine,  strychnine,  cyanide  of  potassium,  curara)  are  also 
absorbed  by  the  skin  and  are  followed  by  the  phenomena  of  intoxica- 
tion.  "Influence  of  the  time  of  the  year  upon  the  skin  of  ombryos." 

Donhoff,  Reicheri  and  Du  BM  Arehiv^  1875,  46. 
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MuBcU, 
Os   THE    ExGITABILITr  OF  FUNCTIOKALLT  mFFERmT  MvflCULAB 

Apparatus. — A.  RoUet,  CeniralbiaU,  No.  22»  1875,  points  o«t  that 
the  flexors  of  the  foot  reply  to  much  weaker  stimoli  applied  to  the 
nerves  than  do  the  eztenson.  The  author  proposes  shortly  to  reply 
to  a  paper  dona  in  Pick's  LaXxmUoryy  by  J.  P.  Bour,  1875. 

BsAcnoN  oy  thb  Muscles  ov  Bketlbi  to  nxMuu. — IL  Pleisehl 
{CeniralJblaU,  No.  29)  amputated  the  limb  of  a  water-beetle  (Hydro- 
philiis  pioeus),  and  placed  pins  to  act  as  electrodes  through  its  upper 
ead,  and  then  stimulated  the  limb  with  a  weak  oonstuit  eurrent. 
The  character  of  the  resulting  movement  of  course  varied  with  the 
strength  of  the  stimulus,  but  it  was  lound  that  the  individual  joints 
came  to  rest  at  very  different  times  after  one  and  the  same  stimula- 
tion. Neither  is  the  beginning  of  the  movement  after  one  stimula- 
ticMi  simultaneous  in  all  the  joints.  The  effect  of  one  stimulation  is 
fl»  it  were  decomposed  into  several  aiCts  separated  from  each  other  by 
intervals  of  time.  The  same  result  was  obtained  with  non-polarixable 
electrodes. 

CoNTBAcnoH  OF  MuscuLAB  PiBRE. — C.  Kaufmauu,  {Reieheri  u. 
du  BM  Archiv,  1874,  273.  Centralhlait,  No.  23,  1875),  working 
under  Krause's  direction,  employed  for  his  investigation  the  muscles 
of  the  leg  of  beetles  (Amara  apricaria,  Carabua  nemoralis,  Pygara 
buoephala).  The  animals  were  placed  in  toto  in  alcohol,  and  dis- 
sected at  once  under  water.  The  muscular  bundles  so  obtained 
were  tinged  with  logwood  and  mounted  in  dammar.  The  results 
obtained  from  fibres  in  most  conditions  of  their  activity  are  the 
foUowing:  the  contracted  muscular  fibre  diminishes  in  length,  and 
increases  in  breadth:  during  a  contraction,  only  the  isotropic  sub- 
staiice  becomes  less  in  the  long  axis  of  the  fibre,  whilfit  the  anisotro- 
pons  does  not  lose  anything  in  the  same  dii*ection,  or  only  to  such  a 
small  degree  as  cannot  be  measured  by  the  present  apparatus.  The 
anisotropous  transverse  bundles  (and  following  them  of  course  the 
isotropous)  appear  during  a  contraction  not  as  straight  but  as  bent 
stripesi  whose  convexity  is  directed  towards  the  contracted  end.  The 
folding  in  of  the  sarcolemma  described  by  Englemann  in  the  con-' 
tracted  fibre  could  not  again  be  found  by  K.,  on  the  contrary^  the^ 
sarcolemma  appeared  to  be  nearly  a  straight,  i,  e,  not  mathematically^ 
line. — At  the  end  of  his  paper  the  authof  communicates  the  following 
observation  of  Krause.  An  injection  of  chloroform  into  the  A, 
femoralis  of  a  living  animal  was  practised,  and  then  there  occurred 
after  a  time  the  characteristic  signs  of  waxy  muscular  degeneration, 
viz.  rigidity  and  weakness.  On  investigation  spots  were  found  in 
the  muscle-spindles,  on  which  were  present  shining  discs  of  coagulated 
muscular  substance.  By  the  double-tinging  method  with  watery 
aniline  green  and  carmine  these  spots  were  coloured  green  (and  this 
is  the  interesting  result)  whilst  the  remaining  muscle-substance 
shewed  a  pale  red  colour. 
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Miscdlanea. 

Steiheb  ok  the  AcmoN  of  Cubaba. — J.  Stemer(i?e£cA«r<  undDu 
BoU'Reynumd^s  ArchiVf  1875,  Heft  2,  p.  145),  during  his  residence  at 
£9apleSy  has  investigated  the  action  of  curara  upon  some  of  the  lower 
animaJs.  His  results  may  be  summed  up  thus.  1.  In  fishes  curara 
paralyses-T-a.  the  central  organ  of  yoluntary  movement;  b.  the  respi- 
ratory centre;  c.  the  motor  nerves.  2.  This  action  varies  with  the 
time,  and  corresponds  to  the  letters  a,  b  and  e,  where  a  represents  the 
earliest  effect.  3.  Paralysis  of  the  motor  nerves  occurs  much  later 
than  in  the  highly-organised  amphibians,  birds  and  mammals;  still 
the  passage  to  the  fishes  is  not  abrupt,  but  occurs  gradually  through 
animal  species  on  both  sides.  4.  The  late  occurrence  of  the  paral3rsi8 
of  the  motor  nerves  Increases  with  the  size  of  the  fish  in  spite  of  a 
larger  dose.  5.  In  the  electric  rays  the  paralysis  of  the  electrical 
nerves  occurs  much  later  than  that  of  the  motor  nerves.  6.  The 
other  rays  and  hag-fish  are  affected  in  the  same  way  by  the  poison  as 
the  freshwater  fish.  7.  The  cause  of  the  phenomena  of  3  and  4  is 
quite  unknown.  8.  Paralysis  also  takes  place  in  crabs,  which,  how* 
ever,  occurs  relatively  later  than  in  the  fish.  9.  In  snails^  starfish, 
and  holothuria  only  paralysis  of  the  central  organ  of  voluntary  move- 
ment occurs.  10.  In  the  medusa  it  ap|)ears,  from  very  few  observar 
tions  however,  that  the  poison  exerts  no  influence. 

On  the  Acttion  of  Ammojtia  on  the  Animal  Oroanism. — O. 
Funke  (in  conjunctin  with  A.  Deahna,  Ffliiger's  Archiv.  UL  41 6, 
CerUralblatt,  No.  29,  187d)  takes  up  the  old  dispute  between  him- 
self and  Ktihne  as  to  the  action  of  anmionia,  and  holds  to  his  old 
view,  that  ammonia,  if  a  weaker  stimulus,  stimulates  the  peripheral 
motor  nervous  elements.  Frogs  and  rabbits  served  for  the  new 
experiments,  caustic  ammonia  in  dilute  solution  being  injected  into 
the  veins  or  subcutaneously. 

Followrng  KUhne's  view  one  might  suppose  that  the  powerfixl 
spasms,  one  of  the  most  pronounced  features  in  poisoning  with  NH,, 
aix>se  from  direct  stimulation  of  the  muscles,  but  the  posterior  eat- 
tremities,  from  which  the  blood  is  cut  off  by  ligature  of  the  iliac 
arteries,  also  participate  in  the  spasms,  and  remain  at  rest  when  the 
corresponding  nerve-paths  are  cut  across.  If  a  weak  current  of  solu- 
tion of  ammonia  is  propelled  in  the  frog  from  the  aorta  into  the 
extremities,  only  weak  fibrillar  oontractions  occur,  but  no  tetanus. 
There  seems  raUier  to  be  an  enormously  increased  excitability  of  the 
central  nervous  system  implicating  the  brain  as  well  as  the  spinal 
cord.  In  opposition  to  Bosenstein  the  author  finds  that  in  frogs 
with  divided  cervical  spinal  cord  the  spasms  occur  to  the  same  extent 
as  before. 

Probably,  just  as  with  strychnine,  there  is  a  pronounced  increase 
in  the  excitability  of  the  reflex  centres,  which  is  more  pronounced  in 
frogs  than  rabbits.  That  in  the  case  of  ammonia  there  is  only  a 
pronounced  opisthotonous  depends  upon  the  exhaustion  of  the  neces- 
sary apparatus.  Hie  action  of  the  poison  ia  always  clearly  manifested 
ou  the  circulatory  system.     In  slightly  curarised  frogs  the  vessels  of 
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the  web  of  the  foot  contract  some  time  after  the  subcataneons  injeo- 
tion  of  the  ammonia — ^the  Itmien  of  the  yeBsel  eyen  diaappearing. 
The  aame  is  tme  of  the  ear  of  the  rabbit  immediately  after  the  injec- 
tion of  the  ammonia  into  the  blood,  whilst  the  pulmonary  Teaeela  of 
the  finog  only  react  slightly.  This  contraction  in  frogs  becomes  rery 
much  smaller  after  section  of  the  medulla  or  the  plexus  ischiadicns; 
its  cause  must  be  sought  for  essentially  in  an  excitation  (direct  or 
reflex)  of  the  chief  centre  in  the  medulla.  This  indirect  assumption 
was  confirmed  by  manometrio  observations.  At  once  after  injection 
the  blood-pressure  and  pulse  frequentiy  sink;  after  a  few  seconds 
the  former  begins  to  rise  rapidly  even  to  twice  and  more  than  its 
original  yalue,  and  then  to  sink  again  gradually  after  a  few  minutes. 
At  the  same  time  the  rare  large  beats  become  more  frequent  and 
smaller,  still  always  remaining  behind  the  original  number.  If  the 
vagi  are  divided  the  original  depression  of  the  pidse-frequenoy  and 
blood-pressure  disappear.  The  author  therefore  concludes  that 
ammonia  excites  the  vagus  as  well  as  the  vaso-motor  centre,  the  latter 
more  slowly^  but  more  powerfully  than  the  former.  There  is  no 
support  given  to  Lange's  view  tiiat  ammonia  stimulates  the  heart 
directly. 

As  to  the  effect  of  ammonia  on  the  respiration  the  author's  results 
differ  somewhat  With  intact  vagi  the  injection  is  generally  followed 
by  acceleration  and  flattening  of  the  respiration,  which,  in  two  or 
three  seconds,  passes  into  a  standstill  Aiter  this  pause  there  follows 
as  a  second  period,  when  no  spasms  occur,  very  deep  and  accelerated 
respirations  with  speedy  return  to  the  normal.  If  tetanus  occurs, 
the  respiration  stops  in  expiration.  The  disturbances  of  the  respira- 
tion are  more  pronounced  with  divided  vagi. 

The  well-known  type  of  respiration  after  section  of  the  vagus 
occurs,  characterised  by  rare,  deep  respirations,  and  is  not  disturbed 
by  the  ammonia,  as  asserted  by  Lange. 

The  further  effects  are  the  occurrence  for  8 — 10  sees,  of  a  pause 
in  the  respiration,  generally  at  once  after  the  injection  without  pre- 
vious acceleration,  which  either  passes  into  a  djspnoeic  period  or  into 
-an  atta^  of  tetanus,  which  passes  into  the  continually  constant  stand- 
still of  the  respiration.  The  above-mentioned  dyspnoeic  period  is  of 
very  varying  duration — a  few  seconds  to  several  minutes — united 
with  enormous  respiratory  excursions  and  active  expiratory  effects, 
much  greater  than  occur  with  intact  vagi.  The  author  does  not  yet 
feel  himself  in  a  position  to  give  a  satisfactory  explanation  of  his 
results. 

MoBiOGiA  ON  Sugar  in  the  Forrus  akd  Adult. — Moriggia  (i?ea^ 
Accademia  del  Linceiy  Estr.  de  Sesa.,  Feb.,  1873,  CentralblaU,  No.  10, 
1875)  investigated  the  quantity  of  sugar  and  partiy  also  of  glycogen 
in  numerous  organs  and  fluids  in  the  foetus  and  adult  of  many  classes 
in  the  animal  kingdom.  His  chief  results  are:  that  the  blood  of 
camivora  and  herbivora  at  all  times  of  life  and  in  all  stages  with 
similar  food  contains  sugar.  The  fresh  bile  of  adult  animals  generally 
contains  sugar,  the  acid  or  sometimes  faintly  alkaline  reaction  which 
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•omeCimei  i^ipean,  mtm  from  tlie  tnnateenee  of  the  sogur  into 
lactic  adiL  Sogtf  m  wlwajs  foond  in  the  mnades^  hesri  and  InngBi 
aometiincs  in  da  qsieen,  bat  never  in  the  kidneyBy  nrine^  brain, 
■aliTaij  g^bnda,  or  iJie  pancraas  of  the  adult  or  newlj-bom  fietoa. 
fiai^  waa  £rand  in  the  amniotic  fluid  np  to  the  end  of  intra-nteiine 
h£df  but  the  qoanti^  aeema  to  diminiah  towards  the  end  of  pregnanej. 
In  yery  yoong  foBtasefl^  wboae  whole  body  waa  examined  at  once^ 
onlj  tracea  of  aogar  were  to  be  foond,  whilst  at  all  later  periods  of 
fetal  life  it  is  to  be  Ibnnd  plentafullj  in  the  urine,  in  the  tule,  and 
peritoneal  fluid,  so  that  the  loetaa  maj  be  regarded  as  trolj  diabetic 
fas  CL  Bernard  had  alreadj  ahewn].  Sugar  was  found  pkntifullj 
u  the  mnscles,  lungs  and  hearty  in  tracea  in  the  spleen,  paocrea^ 
parotid,  both  pkcente,  and  the  akin  from  the  earliest  fietal  period  to 
maturity.  The  latter  is  also  true  of  the  kidoejra,  and  M.  supposes 
that  their  sugar  passes  throo^  the  urachns  witJi  the  amniotic  fluid. 
Sugar  was  ne^er  found  in  the  brain.  Sugar  and  glycogen  were 
foimd  plentifully  at  all  times  in  the  liver,  just  as  in  the  adults  In 
the  wlute  and  the  yellow  of  cggs^  fieah,  old  and  hatched,  there  is 
much  sugar. 

The  author  regards  the  maternal  blood  as  the  source  of  the  sugar 
in  the  foetus,  at  least  in  ihe  eariiest  period  of  intraruterine  lifo. 

The  obvious  constancy  in  the  presence  of  sugar  at  all  times  of 
animal  lifo  shews  the  immense  importance  and  necessity  of  a  certain 
quantity  of  sugar  for  the  development  and  sustenance  of 


Iklubtge  of  Light  on  the  Weight  of  thb  Boi>t. — Fubini 
{If^luentta  della  luce  aal  pwo  degU  animaUf  Torino,  1876,  8*,  pp.  19) 
placed  intact  and  blinded  frogs,  in  other  reqtects  as  nearly  as  posslhle 
alike,  alternately  m  darkness  and  in  difluae  light — genendly  10  to  15 
hours — and  gave  them  no  food.  From  numerous  tallies  it  is 
shewn  that  in  the  light  the  intact  frogs  lost  more  in  weight  than  tlie 
blinded  ones  in  the  proportion  of  2*22  per  cent,  to  1.  In  the  dark 
both  increased  in  weight;  but  the  intact  ones  more  than  the  blinded 
ones.  The  great  loss  in  weight  the  author  ascribes  to  the  lively 
respiration,  the  increase  in  weight  to  the  accumulation  of  0  and  H,0. 
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A  CONTRIBUTION  TO  THE  ANATOMY  OF  THE 
LENS.  By  G.  Thin,  M.D.,  Lmdon,  and  J.  C.  Ewabt, 
M.B.,  University  College,  London.    (Plate  itl) 

Preparations  of  the  lens  obtained  by  the  usual  methods  of 
treating  the  tissues  exhibit  when  observed  under  the  micro- 
scope a  series  of  parallel  fibres.  We  have  sometimes  seen  in 
spaces  between  the  fibres  cells  similar  to,  if  not  in  reality, 
white  blood-corpuscles,  indicating  that  the  spaces  are  channels 
which  play  an  important  part  in  the  nutrition  of  the  lens. 
The  size  of  these  spaces  in  the  lens  of  the  toad  is  indicated 
in  Fig.  1.  They  are  well  seen  in  the  lens  of  the  common  fowl. 
Our  investigations  into  the  nature  of  the  lens-fibres  have 
yielded  us  the  following  results.  We  have  found  that  the 
fibre,  generally  so  called,  is  composed  of  a  definite  number 
of  narrow  flattened  bands,  which,  to  distinguish  them  from 
the  fibre  proper,  we  shall  term  in  this  paper  primary  fibres. 
The  fibres  are  covered  by  a  delicate  structureless  membrane, 
and  the  membrane  is  covered  by  elongated  flat  cells,  the 
broadest  part  of  which  approaches  that  of  the  fibre.  The 
primary  fibres  are  covered  by  very  narrow  elongated  cells, 
whose  breadth  is  equal  to  that  of  the  primary  fibre.  There  are 
layers  of  oval  cells  in  the  lens,  the  breadth  of  which  exceeds 
that  of  the  fibres,  A  layer  of  polygonal  cells  covers  the  sur^ 
face  of  the  lens. 

The  preparations  from  which  we  have  learned  these  im- 
portant facts  were  obtained  by  the  following  methods.  It  has 
been  known  for  some  time  to  histologista  that  the  large  quad- 
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rangular  cells  of  tendon  can  be  occasionally  demoostrated  by 
exposing  to  sunlight  in  acidulated  water  pieces  of  tendon  that 
had  been  previously  in  solution  of  chloride  of  gold.  One  of  us 
has  previously  published*  an  account  of  flat  cells  seen  in 
muscular  fibre  treated  by  a  similar  method. 

This  action  of  gold  is  essentially  different  from  that  by 
which  nerves  and  the  protoplasm  of  branched  cells  are  stained 
a  deep  purple,  and  requires  for  its  success  somewhat  different 
conditions.  The  tissue  operated  on  must  be  so  manipulated 
that  the  solution  can  penetrate  the  interstices  with  as  little 
disturbance  as  possible  of  the  natural  relations  of  its  component 
parts ;  and,  bb  a  rule,  the  solution  must  be  allowed  to  act  for 
a  length  of  time  varying  from  half-an-hour  to  three  hours. 
The  cells  are  by  this  process  made  visible  by  being  what  is 
technically  called  "fixed".  When  the  tissue  has  been  subse- 
quently exposed  to  light  in  acidulated  water  they  are  seen  to  be 
of  a  uniform  light  mahogany  colour,  the  nucleus  being  gener- 
ally invisible.  After  the  preparations  have  been  kept  some 
time,  the  cell  becomes  darker,  and  the  nucleus,  which  does  not 
undergo  this  change,  is  then  more  distinct  By  frequent  appli- 
cations of  this  method  we  were  able  to  obtain  preparations 
shewing  the  cells  of  the  surface,  the  large  oval  cells,  and  the 
cells  which  lie  on  the  fibres  of  the  lens. 

In  order  to  bring  the  gold  solution  into  freer  contact  with 
the  spaces  we  injected  it  by  the  arteries,  and  found  abundant 
evidence  that  it  penetrated  the  interfascicular  spaces  of  all  the 
tissues.  In  small  animals  we  injected  from  the  aorta^  and 
in  larger  animals  from  the  carotid.  Immediately  after  death, 
when  blood  no  longer  escaped  from  the  left  ventricle  of  an 
animal  which  had  been  killed  by  bleeding,  a  canula  was  intro- 
duced into  the  aorta,  and  a  tepid  J  per  cent,  solution  of  chlo- 
ride of  gold  injected  until  the  eyes  were  greatly  distended. 
A  ligature  was  then  passed  round  the  aorta  and  the  canula 
removed.  Ten  minutes  afterwards  the  eyes  were  cut  out, 
placed  in  a  ^  per  cent,  gold  solution  for  15  minutes,  and  then 
preserved  in  a  mixture  of  glycerine  and  water.  After  24  hours 
the  lens  was  removed  and  placed  for  a  few  minutes  in  a  strong 
solution  of  extract  of  logwood  and  alum.    It  was  then  broken 

^  Ed.  Mtd,  Journal,  Sept  1874. 
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up  by  needles  in  glycerine  and  examined.  In  successfyl  pre- 
parations the  following  facts  were  observed.  The  lens-fibres 
were  seen  to  be  composed  of  smaller  fibres  hitherto  not  de- 
scribed, and  which  we  name  primary  fibres.  The  cells  seen 
on  the  fibres  by  the  previous  method  were  visible,  and  also 
much  smaller  and  narrower  cells  lying  on  the  primary  fibres. 
The  cells  were  seen  both  where  the  logwood-dye  had  stained 
and  where  there  was  no  staining.  Where  it  had  stained,  the 
whole  cell  was  coloured  uniformly,  no  predilection  being  shewn 
for  the  nucleus.  The  cells  of  the  surface  and  a  sheath  covering 
the  fibres  were  also  well  seen  in  these  preparations. 

Another  valuable  method  in  studying  the  structure  of  the 
lens  is  the  employment  of  caustic  potash  after  the  manner 
previously  indicated  by  one  of  us,  and  which  consists  in  dis- 
solving caustic  potash  in  an  equal  weight  of  distilled  water, 
and  placing  tissues  in  the  solution  when  the  temperature  has 
fallen  to  between  107®  and  105*  Fahrenheit.  Small  portions  of 
the  lens  are  then  removed  by  needles  and  examined  in  a  drop 
of  the  solution.  In  such  preparations  are  to  be  seen  isolated 
portions  of  the  sheath  of  the  fibre,  the  fibres,  and  primary  fibres. 

We  have  not  succeeded  in  isolating  the  cells  by  this  method, 
although  it  is  right  to  mention  that  we  have  applied  it  only  in 
a  few  instances.  We  have,  however,  seen  the  nuclei  of  the 
cells  which  lie  on  the  fibres,  and  the  small  narrow  nuclei  of  the 
cells  of  the  primary  fibres  adherent  to  isolated  portions,  the 
other  parts  of  the  cell  having  disappeared.  The  fibres  of  the 
lens  as  seen  in  Fig.  1  have  been  generally  described  as  lying 
parallel  to  each  other,  with  narrow  spaces  between  them,  and 
serrations  along  their  edges ;  but  in  a  lens  injected  with  chloride 
of  gold  these  fibres  are  seen  to  be  more  or  less  covered  with 
narrow  flat  cells  (Fig.  3).  These  cells  have  a  granular  appear- 
ance, sometimes  lie  in  single  rows  upon  the  fibres,  at  others 
surround  the  fibres,  so  that  besides  the  single  rows  represented 
in  woodcut  II.,  other  cells  are  seen  lying  along  the  sides  of 
the  fibres  (Fig.  3),  and  on  chauging  the  focus  another  row  is 
seen  adhering  to  the  under  surface.  The  fibres  are  seldom 
seen  completely  enveloped  by  the  cells,  but  in  all  cases  the 
well-marked  rows  on  the  upper  and  lower  surfaces  are  evident. 
The  ends  of  the  cells  fit  closely  to  each  other,  thus  forming 

15-2 


226 


DK  THIN   AND  MR   EWART. 


a  distinct  nucleated  band.  This  band^  which  runs  along  the 
centre  of  the  lens-fibre,  is  somewhat  narrower  than  the  fibre 
itself,  thus  leaving  a  clear  space  at  each  side  (woodcut  il.). 
The  cells,  which  at  first  might  be  mistaken  for  nuclei,  on 
careful  examination  are  generally  seen  to  have  a  well- 
marked  nucleus  and  nucleolus.  The  cells  adhere  firmly  to 
the  fibres  and  are  not  often  foimd  lying  detached  from  them 
except  in  very  carefully  teased  preparations.  Though  quite 
evident  in  unstained  preparations,  they  are  sometimes  more 
apparent  after  staining  with  solution  of  extract  of  logwood. 
The  cells  as  seen  in  Fig.  3,  are  about  the  breadth  of  a  human 
red  blood-corpuscle,  and  about  four  times  longer  than  they  are 
broad. 

Though  these  cells  are  best  obtained  by  injecting  a  solution 
of  gold  chloride  from  the  aorta,  we  have  also  found  them  by 
treating  the  lens  with  gold  in  the  usual  way.  Fig.  2  repre- 
sents the  same  cells  from  the  lens  of  a  toad.  After  lying  in  a 
half  per  cent,  solution  for  three  hours  and  a  half  it  was  exposed 
to  a  bright  sun-light  for  two  days  in  a  two  per  cent,  solution 
of  acetic  acid.  The  preparations  obtained  by  injection  seldom 
shew  the  fibres  completely  enveloped  by  the  cells,  but  seem  to 
indicate  that  there  are  only  two  rows  of  cells,  one  along  the 
under  and  another  along  the  upper  surface.  When,  however, 
preparations  are  allowed  to  lie  for  three  or  four  hours  in  the 
gold  solution,  they  clearly  shew  that  the  cells  more  or  less 
completely  invest  the  fibres. 


m 


I.  Fibre  from  lens  of  Bufo  Vulgaris.       a,  cell  lying  on  fibre;  6,  4  primaiy 
fibres:  c,  cell  lying  on  primaty  fibre:  «,  sheath  of  the  fibre. 

II.  Two  lens-fibres  {Bufo  Vulg,)  with  a  row  ol  cells  on  each. 

III.  Two  rows  of  cells  of  primary  fibres. 
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Though  these  cells  seem  to  lie  directly  on  the  fibre,  there  is 
here,  as  in  other  organs  in  which  flat  cells  are  seen,  a  delicate 
structureless  membrane  on  which  the  cells  lie.  This  membrane 
invests  the  fibres,  forming  a  sheath  for  them,  and  probably  by 
the  irregularities  of  its  surface  gives  rise  to  the  serrations  seen 
in  lens  preparations  obtained  by  the  usual  methods  (Fig.  1). 
It  is  sometimes  seen  partly  detached  as  in  Fig.  4,  sometimes  as 
ending  abruptly  as  in  Fig.  3,  and  it  is  sometimes  almost  de- 
stroyed as  in  woodcut  i.,  in  which  however  at  a  the  remains  are 
still  visible.  In  teased  preparations  detached  pieces  are  occa- 
sionally seen  in  lenses  from  animals  that  have  been  injected 
with  chloride  of  gold,  and  also  in  preparations  obtained  by 
treating  a  fresh  lens  with  a  warm  saturated  solution  of  potash. 
In  both  cases  the  serrations  are  still  seen,  though  the  cells  are 
no  longer  visible.  When  this  sheath  has  been  separated,  the 
fibre  is  found  not  to  be  a  single  homogeneous  band,  but  to  be 
made  up  of  a  definite  number  of  very  narrow  straight  paraUel 
bands.  These,  in  order  to  distinguish  them  from  the  ordinary 
lens-fibres,  we  have  called  primary  fibres.  We  have  alwaya 
foimd  four  of  these  primary  fibres  uniting  to  form  one  lens-fibre 
(woodcut  I.).  Like  the  sheath  they  have  only  been  seen  iu 
lenses  of  animals  injected  with  solution  of  gold  chloride  and  iu 
potash  preparations.  In  the  gold  preparations  we  sometimes 
found  the  sheath  completely  investing  the  fibre  at  one  part 
but  detached  at  another.  In  woodcut  L  the  sheath  with  its 
serrated  edges  remains  at  a,  but  is  absent  at  b.  Where  the 
sheath  is  absent  at  b  the  four  primary  fibres  are  seen.  In  many 
gold-injected  preparations  large  parts  are  seen  to  be  composed 
of  layers  of  the  parallel  primary  fibres,  the  disappearance  of  the 
sheath  of  the  larger  ordinary  lens-fibres  rendering  the  outlines 
of  the  latter  invisible.  This  appearance  is  represented  in  Fig.  5, 
where,  though  no  division  into  the  ordinary  fibres  is  visible, 
some  of  the  cells  remain. 

These  primary  fibres,  as  represented  in  woodcut  I.,  though 
only  about  one-half  the  breadth  of  a  human  red  blood-corpuscle, 
have  also  a  single  row  of  exceedingly  narrow  cells  lying  on 
their  surface.  Woodcut  HI.  shews  two  rows  of  these  cells,  and 
woodcut  I.  shews  two  cells  lying  on  two  adjacent  primary 
fibres.    In  several  preparations  obtained  by  injecting  the  gold 
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solution,  we  have  seen  several  rows  of  these  delicate  cells  Ijring 
on  the  primary  fibres,  and  above  and  below  them  are  the  larger 
cells  (a)  which  lie  on  the  sheath  of  the  ordinary  lens-fibre. 
We  have  not  seen  more  than  one  row  of  these  very  narrow 
cells  in  connection  with  one  primary  fibre.  Each  cell  lies 
immediately  over  the  fibre  and  sometimes  appears  to  be  slightly 
broader  than  the  fibre  it  covers. 

In  addition  to  the  ceUs  which  cover  the  fibres  and  the 
smaller  cells  of  the  primary  fibres,  layers  of  oval  cells  are 
sometimes  found  by  gently  breaking  up  a  fresh  lens  in 
gold  solution,  and  after  1 — 3  hours  placing  the  portions  in 
acidulated  water.  These  cells  have  a  very  large  nucleus,  and 
from  their  oval  shape  are  in  direct  contact  with  each  other 
only  at  certain  points.  Between  two  such  layers  the  narrower 
cells  covering  the  fibres  can  be  sometimes  seen.  From  the 
layers  which  they  form  being  found  in  planes  separated  from 
each  other  by  the  lens-fibres,  it  may  be  inferred  that  they 
correspond  to  a  division  of  the  lens  into  large  tracts  or  bundles, 
of  which  at  present  nothing  further  is  known. 

The  appearance  presented  by  these  oval  cells  is  seen  in 
Figs.  8  and  9.  Both  in  preparations  teased  in  gold  solution 
and  in  injected  gold  preparations,  portions  of  a  layer  of  poly- 
gonal cells  are  seen,  sometimes  detached  from  the  lens,  but 
usually  in  close  apposition  to  it.  Occasionally  they  can  be 
seen  in  a  very  large  unbroken  layer,  much  larger  than  the 
part  of  one  repi'osented  in  Fig.  6.  It  forms  the  surface  of  an 
investing  membrane  which  covers  the  lens  proper. 

In  order  to  give  a  good  idea  of  the  relative  size  and  form  of 
these  different  cells,  the  figures  representing  them  have  all  been 
selected  from  preparations  of  the  lens  of  one  animal,  the  com- 
mon toad  {Bufo  Vulgaris),  and  have  all  been  drawn  to  one 
scale.  The  cells  which  cover  the  primary  fibres  are  not  repre- 
sented in  Fl.  IX.  but  are  shewn  in  the  woodcuts  I.  and  III. 

In  portions  of  the  lens  sealed  with  Brunswick  Black  on  an 
object-glass  in  half  per  cent,  gold  solution,  and  also  occasionally 
in  preparations  obtained  by  gold  and  acidulated  water  in  the 
ordinary  way,  we  have  seen  the  fibres  intersected  by  straight 
transverse  lines.  These  divide  the  fibres  into  portions  of  a 
definite  and  uniform   length,   but   the   lines  which  cut   one 
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fibre  are  not  opposite  those  which  cut  the  adjoining  ones. 
The  remarkable  appearance  which  is  thus  produced  is  re- 
presented in  Figs.  10  and  11. 

We  are  not  able  to  give  a  sufficient  explanation  of  this 
appearance.  Probably  it  is  not  due  to  any  peculiarity  of 
structure  inherent  in  the  fibres  themselves,  because  in  potash 
preparations  isolated  portions  of  fibres  of  the  most  varied 
length  are  seen,  which  have  no  analogy  to  the  size  of  the  por- 
tions marked  ofi'  by  the  lines  in  question.  On  the  other  hand, 
in  some  of  the  gold  preparations,  a  purple-gold  staining  in 
rosette-form  in  the  position  of  the  lines,  suggestive  of  the 
presence  of  a  branched  cell,  points  to  a  possible  action  of  the 
branches  of  such  a  cell  on  the  fibre. 

We  have  seen  isolated  in  a  frog's  lens  which  had  been 
long  in  gold  solution,  a  small  stellate  cell  with  very  fine 
processes. 

The  injection  of  gold  solution  from  the  arteries  is  a  method 
that  promises  great  results  in  histological  investigation,  as  will 
be  understood  by  a  short  resum^  of  what  we  have  seen  during 
the  very  short  time  that  we  have  used  it.  Its  advantages  in 
the  examination  of  the  lens  have  been  described  above.  In 
connective  tissues  generally  it  gives  preparations  of  great  beauty 
and  instructiveness,  and  subsequent  staining  with  logwood, 
though  not  essential,  is  advisable  for  purposes  of  demon- 
stration. In  the  tongue  of  a  rat,  injected  from  the  carotid,  we 
have  seen  layers  of  flat  cells  investing  the  larger  bundles  of 
fibrillary  tissue,  like  an  epithelium,  and  contrasting  with  them 
small  irregular  nucleated  clumps  of  protoplasm  (stellate  cells), 
with  long  slender  glistening  processes,  indistinguishable  from 
elastic  fibres.  Distinct  from  the  stellate  cells  in  such  prepara- 
tions are  to  be  seen  spindle  cells  with  fine  processes  and  very 
scant  protoplasm,  the  varying  size  of  the  oval  nucleus  indi- 
cating the  nature  of  the  cell  to  which  it  belongs. 

The  elastic  fibres  in  tendon  are,  by  methods  hitherto  em- 
ployed, difficult  of  demonstration,  and  one  competent  observer 
has  lately  confessed  his  inability  to  see  them  at  all.  Injection 
of  gold  solution  by  the  femoral  artery  is  an  easy  and  simple 
method  of  demonstrating  the  elastic  fibres  in  tendon.  Longi- 
tudinal sections,   made   either  directly  or  after  hardening  in 
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alcohol,  shew  a  number  of  straight  strong  fibres,  bifurcating  and 
anastomising  as  elastic  fibres  do  elsewhere. 

In  the  cornea,  gold  solution  injected  from  the  carotid,  gives 
results,  the  importance  of  which  it  is  impossible  to  overestimate. 
In  a  successful  preparation,  the  stellate  cells  are  seen  to  be 
the  central  points  of  a  rich  system  of  long,  even,  bifurcating  and 
anastomosing  fibres,  similar  to  the  elastic  fibres  just  described 
in  tendon,  and  separate  and  distinct  from  them  parallel  chains 
of  spindle-cells  are  arranged  in  planes  parallel  to  the  layers  of 
fibrillary  tissue. 

For  a  special  study  of  spindle  cells  we  recommend  the  scle- 
rotic of  a  frog  injected  with  gold. 

In  gold-injected  tissues  the  solution  frequently  penetrates 
the  nerve-sheaths,  and  hardens  the  individual  meduUated  nerve- 
fibres,  which,  after  subsequent  logwood  staining,  are  well  fitted 
for  study  in  regard  to  some  of  the  points  recently  raised  in 
regard  to  their  structure. 

In  conclusion,  we  would  remark,  that  the  demonstration  in 
the  lens  of  layers  of  flat  cells,  possessing  all  the  characters  that 
are  comprised  in  the  definition  of  epithelium,  by  the  use  of 
reagents  that  demonstrate  similar  layers  possessing  equally  the 
characters  of  epithelium  in  other  tissues,  is  of  great  import- 
ance in  forming  a  generalisation  in  regard  to  the  plan  on  which 
animal  structures  are  developed. 

We  have  found  the  structures  described  above  in  the  lens 
of  the  toad,  frog,  rat,  and  rabbit. 

EXPLANATION  OP  THE  PLATE. 

The  Figores  have  been  all  drawn  as  seen  by  Hartnack's  Obj.  7,  Oc.  3. 
Tube  out 

Fifr.  1.    Lens-fibres  of  Bnfo  VvJgaris  in  aqueous  humour. 

Fig*  2.    Cells  of  lens-fibroB  {Bvfo  ViUg),    Gold. 

Fig,  3.  Cells  of  lens-fibres  [BvfQ  Vulg,),  Gold  injection  from  the 
aorta. 

Fig.  4.    Sheath  of  lens-fibre,  from  same  lens  as  Fig.  3. 

Fig,  5.  Primary  fibres  of  same  lens  as  Fig,  3.  Some  of  the  cells  of  the 
fibres  are  seen. 

Fig,  6.    Part  of  surface  layer  {Bt^fo  Vulg,).    Gold. 

Fig,  7.  a.  Isolated  cell  from  surface  layer.  h.  Oval  cell  isolated 
from  a  layer.        c.    Cell  isolated  from  a  fibre. 

Figs.  8  and  9.    Parts  of  layers  of  oval  cells  {Bttfo  VtUg.),    Gold. 

Fig.  10.     From  a  sheep's  lens.    Scaled  in  gold  solutioa 

Fig,  11.    From  a  rabbit's  lens.    Gold  and  acetic  acid  ^ordinary  method). 


ON  THE  CENTRAL  NERVOUS  SYSTEM,  THE  CEPHA- 
LIC SACS,  AND  OTHER  POINTS  IN  THE  ANA- 
TOMY OF  THE  LINEIDiE.  By  W.  C.  M^Intosh, 
M.D.,  &c.  Murihly.     (Plates  x,  xi,  xii,  xiii.) 

The  group  of  Nemerteans  to  which  the  Lineidae  belong  is 
distinguished  amongst  other  things  by  the  long  and  narrow 
shape  of  the  ganglia,  and  by  the  size,  prominence  and  position 
of  the  cephalic  sacs,  which  abut  on  the  posterior  border  of  the 
superior  ganglionic  lobes,  above  the  origin  of  the  great  lateral 
nerve-trunk  on  each  side.  In  the  previous  observations  on 
these  structures  \  it  was  shown  that  in  some  forms,  for  example 
Lineus  gesaerensis,  O.  F.  Muller,  the  cephalic  sacs  were  much 
more  differentiated  from  the  ganglia  than  in  Lineus  sanguineus, 
Jens  Rathke,  L.  lacteus,  Montagu,  and  others,  though  no  doubt 
was  expressed  as  to  their  being  in  every  form  structures  sui 
generis,  intimately  related  to  the  ganglia,  but  performing  a 
special  function.  That  function  was  unknown,  though  it  was 
hinted  it  might  be  excretory.  The  revival  of  a  similar  view  ta 
that  of  the  late  Professor  Keferstein,  viz.  that  the  sacs  are  mere 
continuations  of  the  ganglia,  by  Dr  Hubrecht,  Conservator  of 
the  Museum  of  Zoology  at  Leyden,  gives  an  opportunity  of  mak- 
ing some  further  remarks  on  the  minute  anatomy  of  the  central 
nervous  system  of  the  group,  which  a  more  detailed  study  of 
the  preparations  warrants.  The  majority  of  the  animals  had 
likewise  been  investigated  formerly  in  the  living  condition,  and 
though  there  has  been  no  chance  of  supplementing  the  informa- 
tion  from  this  source,  the  figures  and  descriptions  already  made 
are  sufficiently  numerous  to  afford  a  fair  counterpoise  to  the 
appearances  observed  in  the  mounted  specimens. 

The  general  form  and  structure  of  the  ganglia  and  cephalic 
sacs  have  been  indicated  in  the  foregoing  work,  so  that  on  the 
present  occasion  the  remarks  shall  be  confined  to  their  minute 
anatomy  in  favourable  preparations  in  the  typical  forms. 

1  Hay  Society,  Nemerteans,  p.  112,  PI.  18,  f.  10,  PI.  19,  f.  1,  2,  3,  PI.  22, 
t  1, 10,  and  PI.  23,  f.  9;  and  Jour,  Micros,  Sac,  July,  1876. 
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In  horizontal  sections  from  above  downwards  it  is  found 
that  in  Lineus  gesserensis  the  superior  sections  present  a  uni- 
formly cellular  appearance  (PL  X.  Fig.  1),  except  a  circular 
area  (a)  of  fibres  situated  rather  to  the  exterior  of  the  middle 
line,  and  somewhat  posterior  in  position.  The  fibrous  area,  or 
superior  comu,  is  bounded  externally  by  a  distinct  band  of 
muscular  fibres  (6),  and,  in  sections  superior  to  that  represented, 
nearly  reaches  the  outer  border  of  the  ganglion ;  while  there  is 
tk  considerable  fibro-cellular  area  behind  the  muscular  band  (c) 
at  the  posterior  margin.  In  Lineus  marinus  the  superior 
fibrous  comu  Ls  larger  than  in  Liiveus  gesserensis^  but  the 
ganglionic  nerve-cells  are  less  distinct.  In  the  next  slice  the 
fibrous  area  just  mentioned  in  the  latter  form  is  enlarged,  and 
a  considerable  increase  has  taken  place  in  the  anterior  gangli- 
onic region.  The  upper  wall  of  the  cephalic  sac  is  likewise  cut, 
and  is  readily  distinguished  by  its  somewhat  coarse  cellular 
appearance.  In  Lineus  marinvs  (PL  XTi.  Fig.  8)  the  fibrous 
area  (a)  is  less  rounded — being  transversely  elongated  in  the 
form  of  a  club — towards  the  level  of  the  upper  part  of  the 
cephalic  sac,  m.  The  area  is  proportionally  larger  and  is  nearer 
the  posterior  border  of  the  ganglion.  The  muscular  investment 
of  the  ganglion  posteriorly  is  thicker  than  in  Lineus  gesserensis. 
In  the  next  section  in  the  latter  species  (PL  X.  Fig.  2)  the 
general  superficies  of  the  ganglion  is  greatly  enlarged,  but  the 
fibrous  area  (a)  is  still  posterior  and  external  in  position.  The 
cephalic  sac  (m)  now  forms  a  large  semicircular  body  behind, 
separated  distinctly  from  the  ganglion  by  the  investment  of  the 
latter,  and  its  own  capsule.  The  cells  in  the  centre  of  the  sac 
closely  resemble  those  of  the  ganglion,  while  those  near  the 
posterior  border  are  larger  and  coarser.  The  cephalic  sac  in 
Lineus  marinus  is  developed  within  the  dense  posterior  invest- 
ment of  the  ganglion. 

A  great  increase  next  occurs  in  the  fibrous  area,  which  at  first 
assumes  the  form  of  a  curved  sausage.  Slanting  from  the  old 
(superior)  area,  the  fibrous  band  curves  inward  and  backward 
and  then  outward  and  backward — projecting  beyond  the  cel- 
lular posterior  region  of  the  ganglion,  and  indenting  the  cepha- 
lic sac  (A6,  PL  X.  Fig.  3).  Moreover,  while  the  inner  and  outer 
portions  of  the  sac  are  well  defined  from  the  ganglion,   the 
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central  fibrous  part  presents  no  such  clear  line  of  demarcation 
(PI.  X.  Fig.  3).  The  majority  of  the  cells  in  the  sac,  as  already 
mentioned,  very  much  resemble  those  of  the  ganglion,  but  to- 
wards the  posterior  and  inner  curve  there  are  larger  and  coarser 
clear  regions,  some  of  which,  however,  may  be  due  to  folds.  The 
latter  area  of  the  sac  therefore  presents  a  somewhat  glandular 
appearance.  In  Lineus  marinus  (PI.  x.  Fig.  8)  the  fibrous 
posterior  comu  is  much  less  developed,  while  the  area  {ha)  in 
front  occupies  the  greater  part  of  the  ganglion.  The  comu,  hb, 
also  lies  nearer  the  inner  border  of  the  ganglion.  The  cells  of 
the  sac,  m,  like  those  of  the  ganglion,  are  less  distinct  than  in 
Lineus  gesserenais.  In  sections  beneath  the  foregoing  (e.g. 
PL  X  Fig.  9),  the  same  continuity  of  the  posterior  fibrous  cornu, 
hb,  with  the  cellular  contents  of  the  sac,  obtains.  In  this  species 
the  great  fibrous  area,  ha,  goes  quite  to  the  anterior  border  of' 
the  ganglion. 

Immediately  beneath  the  foregoing  in  Lineus  gesserensis  the 
fibrous  area  rapidly  increases  anteriorly,  but  projects  less  into 
the  cephalic  sac  posteriorly,  though  there  is  no  clear  line  of 
demarcation  at  its  termination.  It  touches  the  circumference 
of  the  ganglion  at  the  anterior  third — externally.  The  coarse 
(gland'like)  area  of  the  cephalic  sac  is  somewhat  larger,  and  the 
capsule  of  the  organ  is  very  evident.  Then  a  slight  diminution 
in  the  general  area  of  the  ganglion  takes  place  (PI.  x.  Fig.  4). 
The  fibrous  area,  ha,  stretches  nearly  from  front  to  back,  but 
the  posterior  comu,  ho,  is  now  directed  inward,  so  that  it  abiits 
against  the  capsule  of  the  ganglion  ;  and  the  investment  of  the 
cephalic  sac  is  distinctly  differentiated  from  the  ganglionic 
border.  The  posterior  end  of  the  fibrous  area  has  thus  moved 
considerably  inward.  Another  fibrous  area,  he,  further  appears 
at  the  anterior  and  inner  region,  and  fibres  proceed  from  the 
front  of  this  apparently  to  the  opposite  ganglion.  The  nerve- 
cells  occur  in  greatest  numbers  behind  the  latter  area,  for  exter- 
nally they  form  a  comparatively  narrow  belt.  The  cephalic  sac, 
m,  is  nearly  as  broad  (transversely)  as  the  ganglion,  and  presents 
externally  the  opening,  m",  of  the  cephalic  duct,  m'.  The 
coarse  cellular  (rugose  or  gland-like)  area  is  very  conspicuous  at 
the  inner  curve  posteriorly. 

The  area  of  the  ganglion  still  decreases  as  we  proceed  down- 
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wards,  (PL  x.  Fig.  5),  while  the  separation  of  the  cephalic  sac 
becomes  more  pronounced.  In  front  of  the  well-defined  poste- 
rior border  of  the  ganglion  there  is  now  a  considerable  group  of 
cells,  the  great  fibrous  area,  ha,  having  moved  forward.  The 
anterior  fibrous  area  (he)  is  larger,  and  approaches  the  internal 
border  of  the  ganglion.  The  cellular  region  behind  the  fore- 
going shows  three  or  four  prominent  transverse  bands  of  fibres 
(probably  interfascicular),  from  the  great  fibrous  area  to  the  in- 
ternal border;  indeed,  this  is  a  common  feature  in  the  organ, 
the  cellular  parts  being  traversed  by  such  bands,  as  represented 
in  the  various  figures.  The  cephalic  sac,  m,  in  this  section,  is 
relatively  large,  and  exhibits  a  gradation'  of  cells  from  the 
smaller  series  near  the  entrance  (m")  of  the  cephalic  duct  {m) 
to  the  larger  and  somewhat  rugose  area  at  the  inner  border 
posteriorly.  It  will  also  be  observed  that  the  latter  projects 
much  inward  (towards  the  middle  line),  while  a  section  of  the 
great  nerve-trunk,  n,  in  this  and  the  previous  figure  appears  at 
its  external  border. 

The  next  section  (PL  X.  Fig.  6)  shows  three  fibrous  divisions, 
ha,  he,  and  a  smaller  intermediate  area.  The  anterior  (he) 
reaches  the  internal  border  of  the  ganglion  anteriorly,  and 
covers  the  largest  area ;  the  two  posterior  being  situated  in  the 
substance  of  the  cellular  region,  which  is  continued  without  in- 
terruption into  the  nerve-trunk,  n ;  while  in  vertical  sections, 
e.g.  (PL  XL,  Fig.  6),  the  fibres  of  the  great  nerve-trunk  can  be 
followed  anteriorly  into  the  superior  fibrous  area.  The  remnant 
of  the  cephalic  sac,  m,  has  passed  to  the  inner  border  of  the 
sheath  of  the  great  nerve-trunk,  and  is  thus  wholly  posterior  to 
the  ganglion.  In  this  preparation  numerous  fibres  pass  from 
side  to  side  between  the  sacs,  and  probably  indicate  the  oblite- 
ration of  the  vascular  spaces  of  the  region.  In  sections  immedi- 
ately beneath  the  foregoing,  only  a  single  fibrous  area  occurs  at 
the  anterior  and  inner  region  of  the  ganglion,  the  rest  being 
cellular,  with  transverse  fibrous  streaks.  It  is  also  worthy  of 
note  that  outside  the  ganglionic  investment  there  are  many 
spaces  (generally  marked  e  in  the  figures),  enclosed  by  the 
longitudinal  muscular  and  other  fibres,  filled  with  cells  which 
resemble  those  in  the  ganglion. 

In  the  next  section,  PL  x.  Fig.  7,  a  larger  fibrous  area,  ha,  is 


POINTS  IN  THE  ANATOMY  OF  THE  LINEID^.  235 

found  anteriorly,  and,  moreover,  it  almost  reaches  the  internal 
and  anterior  borders,  an  arrangement  due  to  the  presence  of  the 
fibres  of  the  inferior  commissure  (which  is  soon  observed).  The 
interfascicular  streaks  are  well-marked  in  this  region,  and  are 
directed  for  the  most  part  backward  and  outward.  The  in- 
ferior part  of  the  ganglion  consists  solely  of  cells  resting  on 
the  investment. 

In  longitudinal  vertical  sections  from  without  inward  we 
find  externally  a  somewhat  rounded  large  fibrous  area  of  the 
great  nerve-cord  near  the  ventral  region,  with  cells  above, 
in  front  of,  and  beneath  it.  The  fibrous  area  abuts  on  the 
posterior  boundary,  then  diminishea  in  size,  and  assumes  an 
ovoid  appearance.  The  cells  also  show  a  tendency  to  accumu- 
late behind  it  inferiorly.  The  section  of  the  cephalic  duct  lies 
in  front  of  and  above  the  fibrous  area. 

The  following  slice  (PI.  xi.  Fig.  1)  has  the  fibrous  area  of  its 
nerve-trunk,  n,  surrounded  by  cells,  the  posterior  and  upper 
part  alone  being  somewhat  thinly  covered.  The  ceUs,  h,  of  the 
external  surface  of  the  ganglion  are  also  visible.  A  fibrous 
band,  b,  passes  downward  behind  the  latter  to  the  front  of  the 
nerve-trunk,  cutting  off  the  cephalic  sac,  m  (which  now  appears) 
and  the  trunk  from  the  ganglion;  while  the  cephalic  duct,  m', 
is  in  front  of  and  rather  above  the  level  of  the  nerve.  A 
groove,  m",  is  observed  in  this  section  of  the  cephalic  sac,  as 
if  the  duct  were  prolonged  backward  into  the  area  behind,  and 
in  other  preparations  an  appearance  is  presented  as  if  the  duct 
entered  inferiorly,  and  ran  upward  and  backward  to  the  pos- 
terior border. 

In  the  next  section,  PL  xi.  Fig.  2,  the  cephalic  sac,  m,  comes 
out  very  distinctly.  The  band,  6,  behind  the  ganglion  is  less 
prominent,  though  still  evident  enough  from  the  summit  to  the 
inferior  part  of  the  cephalic  sac,  where  its  fibres  become  obscure. 
This  line  of  separation  slopes  from  above  downward  and  for- 
ward, the  ganglionic  section  in  front  of  it  being  somewhat 
pear-shaped,  with  the  apex  at  the  top  posteriorly.  The  whole 
circumference  of  this  pear-shaped  area  is  cellular  (A,  h)  except 
the  upper  angle,  the  centre  being  occupied  by  a  fibrous  area, 
a,  shaped  somewhat  like  a  leg  of  mutton,  with  the  shank 
directed  towards  the  narrow  end  of  the  pear.     The  superior  or 
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pointed  end  (shank  of  the  leg  of  mutton)  evidently  corresponds 
to  the  small  fibrous  area  observed  superiorly  in  horizontal 
sections,  and  this  appears  almost  to  touch  the  ganglionic  cir- 
cumference. This  area  is  less  characteristic  in  Lineua  marinus, 
though  still  present.  In  contrasting  similar  sections  of  the 
latter  and  Lvneus  ffesserensis,  the  great  distinctness  of  the 
cephalic  sac  in  the  latter  is  apparent.  The  cephalic  sac,  m, 
PI.  XI.  Fig.  2,  is  semicircular,  and  held  in  position  by  various 
vertical  bands,  ma,  which  pass  from  the  roof  of  the  vascular 
space  to  the  investment.  The  inferior  curve  is  rounded,  the 
superior  more  pointed,  and  in  the  section  the  scar  {m")  of  the 
entrance  of  the  cephalic  duct  is  evident  above  the  inferior 
border.  The  cephalic  sac  has  a  deeper  yellowish  tinge  than  the 
ganglionic  cells  in  the  preparation,  and  is  filled  with  granular 
cells,  the  surface  being  somewhat  corrugated  as  if  from  folds. 
At  the  upper  border  anteriorly  is  a  dense  granular  deposit,  and 
a  similar  arrangement  is  noticed  at  the  inferior  border  poste- 
riorly. The  latter  abuts  on  the  nerve-trunk,  which  has  its  some- 
what ovoid  fibrous  area  surrounded  by  the  cellular  coating,  the 
latter  obtaining  its  greatest  bulk  infcriorly  and  anteriorly,  the 
thinnest  part  being,  as  before,  at  its  upper  and  posterior  boundary* 
In  the  next  slice  a  considerable  change  takes  place,  PL  xi. 
Fig.  3.  The  boundary-line,  b,  of  the  ganglion  posteriorly  is 
now  less  oblique,  though  it  still  inclines  forward  inferiorly. 
There  is  little  distinction  between  the  nerve-area  and  the 
ganglion,  the  whole  having  somewhat  the  appearance  of  a 
kidney,  with  the  cephalic  sac  attached  rather  on  one  side  of 
the  hilum.  The  great  fibrous  area,  a,  has  an  irregular  outline, 
pointed  above,  a ,  where  it  nearly  reaches  the  circumference  of 
the  ganglion.  The  upper  margin  is  botryoidal,  while  the 
inferior  presents  a  slight  fibrous  process,  ab,  near  the  posterior 
margin,  which  process  passes  downward  and  slightly  forward. 
Towards  the  upper  third  of  the  great  fibrous  area  is  appended  a 
large  posterior  process,  A6,  which,  in  the  preparation,  penetrates 
(by  about  J  of  its  bulk)  the  cephalic  sac.  A  distinct  (fibrous) 
separation  is  visible  between  this  and  the  main  area.  The 
investment  of  the  sac  limits  it  for  a  short  distance  at  the  edge, 
and  then  it  seems  to  be  lost  in  the  general  mass  of  the  sac,  one 
band  being  apparent  at  the  upper,  and  another  at  the  lower 


POINTS  IN  THE  ANATOMY  OF  THE  LINEIDiE.  237 

end.  Inferiorly  the  ganglion  merges  into  the  cellular  coating  of 
the  nerve-trunk,  the  fibrous  area  of  which  (n)  occupies  a  similar 
point  to  that  in  the  foregoing  section.  The  cellular  area  of  the 
ganglion  throughout  presents  a  somewhat  streaked  appearance, 
the  streaks  being  chiefly  vertical. 

The  cephalic  sac  shows  a  distinct  investment  all  round,  Mrith 
the  exception  of  the  hiatus  for  the  entrance  of  the  posterior 
fibrous  comu,  hb.  This  investment  is  contractile  and  probably 
muscular.  Bands  (ma)  pass  from  the  upper  region  downward 
over  the  investment,  as  before.  In  Lineus  marinus  (PI.  xi. 
Fig.  9)  the  arrangement  somewhat  differs.  The  great  fibrous 
area,  a,  forms  a  longer  median  mass,  and  its  long  axis  is  directed 
horizontally  from  the  front  to  the  back  of  the  ganglion.  A  long 
spur,  ad,  comes  off  anteriorly  and  inferiorly,  and  passes  down- 
ward and  forward.  The  posterior  comu,  hb,  is  very  distinct. 
The  small  fibrous  area,  a',  probably  is  in  connection  with  the 
superior  fibrous  region  (or  cornu)  seen  in  upper  horizontal 
sections.  The  fibrous  area  of  the  nerve-trunk  (n)  is  likewise 
horizontally  flattened.  Still  further  outward  (for  the  sections 
are  in  this  case  from  within  outward)  than  in  Fig.  9,  in  Lineus 
marinus,  the  arrangement,  as  shown  in  PI.  xi.  Fig.  10,  is  as 
follows:  The  great  area,  a,  has  the  form  of  a  curved  sausage, 
(with  the  concavity  in  front)  stretching  from  the  upper  region 
of  the  ganglion  downward  and  forward  quite  to  its  anterior 
margin.  Just  below  its  upper  third  a  spur,  hh.  parses  upward 
and  backward  to  the  cephalic  sac,  which  it  enters  and  assumes 
a  slightly  bulbous  form.  The  gi'eat  elastic  outer  investment 
{mc)  of  the  sac  is  well  shown  in  this  preparation,  and  appears 
to  be  independent  of  the  proper  sheath  of  the  organ.  The 
investment  (md)  presents  a  finely-streaked  appearance  in  longi- 
tudinal, horizontal,  and  transverse  sections,  so  that  it  forms  a 
very  elfficient  elastic  and  probably  muscular  compressor.  The 
elastic  investment  is  veiy  much  more  developed  than  in  Liiieiis 
gesserensis.  The  disproportion  between  the  size  of  the  posterior 
comu  is  very  distinct  in  the  two  species,  Lineus  gesserensis 
having  the  large  process  (actually),  while  its  ganglion  is  much 
sn^Uer. 

The  following  slice  (PI.  XI.  Fig.  4)  exhibits  the  great  fibrous 
area  (a)  shorn  of  the  superior  limb,  and  somewhat  oblong  in 
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outline.  The  superior  region  is  convex.  The  inferior  process, 
abf  is  now  larger,  while  only  a  trace  of  the  posterior  comu,  hb, 
exists  at  the  sac.  No  indication  of  a  separation  between  the 
cellular  region  around  the  area  of  the  nerve-trunk  (hii)  exists,  a 
feature  to  be  borne  in  mind  in  connection  with  the  complete 
disjunction  between  the  cellular  substance  of  the  cephalic  sac 
and  the  ganglion-cells.  The  fibrous  area  of  the  nerve-trunk 
has  no  cells  outside  its  upper  and  posterior  region,  as  before 
mentioned.     The  cephalic  sac  is  also  somewhat  diminished. 

In  the  succeeding  section  (PI.  XL  Fig.  5)  the  posterior  cornu 
has  retired  quite  within  the  cellular  mass  of  the  ganglion,  the 
posterior  investment  (fi)  of  the  latter  passing  continuously  from 
above  down  to  the  base  of  the  fibrous  area  of  the  nerve-trunk. 
A  great  cellular  region,  h,  occurs  above  the  fibrous  area  su- 
periorly, but  the  latter,  at  ac,  now  touches  the  anterior  margin 
of  the  ganglion,  and  appears  to  send  a  process  forward.  There 
is  a  bulbous  part  below,  and  then  the  chief  feature  is  the 
increase  in  the  inferior  comu,  ad.  The  cephalic  sac,  m,  presents 
a  uniformly  cellular  aspect,  more  opaque,  however,  than  the 
cellular  regions  of  the  ganglion.  Thus  the  fibrous  band  pro- 
ceeding to  the  cephalic  sac  is  greatly  larger  and  more  closely 
connected  with  the  great  area  than  in  Lineus  marinus,  and  the 
cephalic  sac  itself  is  somewhat  more  differentiated  (in  Lineus 
gesserensia).  The  fibrous  area  of  the  nerve-trunk  shows  a 
furrow  superiorly. 

A  considerable  change  is  apparent  in  the  next  section  (PL 
XI.  Fig.  6),  for,  instead  of  being  chiefly  superior,  the  fibrous  area 
is  now  in  the  lower  part  of  the  ganglion.  In  the  upper  half  a 
limited  double  area  occurs  near  the  anterior  margin.  Inferiorly 
the  area  of  the  nerve-trunk  is  connected  by  a  curved  band 
which  passes  beneath  the  former,  but  does  not  quite  reach  the 
anterior  margin  of  the  ganglion.  In  the  concavity  beneath  is 
another  ovoid  area,  a,  somewhat  larger  than  any  of  those 
above,  and  probably  in  connection  with  the  inferior  commis- 
sure. The  great  nerve-trunk  thus  derives  its  fibrous  area  from 
the  inner  and  anterior  part  of  the  ganglion,  and  probably 
from  the  spur  seen  there  in  horizontal  sections.  In  the  prepa- 
ration there  is  a  small  rounded  process,  o&,  cellulo-granular  in 
structure,  projecting  from  the  upper  and  posterior  margin  of  the 
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ganglion  above  the  proboscidian  sheath.  The  cephalic  sac  is 
almost  separated,  and  has  now  descended  to  a  lower  level  than 
formerly,  that  is  its  border  projects  downward  and  inward  so 
as  to  be  below  the  proboscidian  sheath  (o)  in  this  section.  It  is 
still  uniformly  cellular.  The  shape  of  this  inferior  area  quite 
differs  in  lAneua  marinua  (PL  XI.  Fig.  8).  The  investment 
of  the  cephalic  sac,  mrf,  in  this  form  springs  superiorly  from  the 
capsule  of  the  ganglion,  indeed  it  seems  to  be  a  continuation 
thereof  all  round.  In  sections,  such  as  that  just  mentioned, 
there  are  curved  lamellae  of  cells  (often  like  folds)  e,  6,  bounded 
by  muscular  fibres  above  and  below  ,the  ganglion.  These  may 
account  for  the  appearance  seen  in  horizontal  sections,  where 
bands  cut  off  certain  parts  of  the  area.  A  similar  condition  has 
been  mentioned  in  Lineas  gesserensis,  and  at  first  sight,  in 
superficial  horizontal  sections,  it  appears  that  the  fibrous  area 
abuts  on  the  border  of  the  ganglion,  whereas  it  only  touches 
one  of  these  muscular  banda 

In  the  succeeding  section  the  ganglion  is  divided  into  two 
portions  by  the  proboscidian  sheath  and  the  proboscis.  The 
upper  is  small  and — with  the  exception  of  the  fibrous  area  of 
the  superior  commiBsure  in  front— cellular.  The  inferior  is 
fully  twice  the  size  of  the  superior.  The  fibrous  area  is  superior 
— in  the  shape  of  a  broad,  curved  mass,  the  anterior  region 
joining  the  commissure,  and  the  rest  forming  the  communica- 
tion with  the  great  nerve-trunk.  The  fibrous  area  touches  the 
dorsal  margin  of  l3ae  gang'lionic  division  throughout  the  greater 
part  of  its  extent.  The  cells  are  inferior.  A  fragment  of  the 
cephalic  sac  still  lies  behind  the  region. 

The  cellular  area  in  the  next  slice  is  much  diminished  in  the 
upper  division,  the  small  rounded  fibrous  area  being  quite  in 
front.  The  inferior  division  is  separated  by  a  wide  interval, 
and  is  somewhat  anterior  in  position,  that  is,  its  anterior  border 
is  nearer  the  snout.  The  fibrous  area  is  much  diminished,  and 
lies  just  beneath  the  thick  investment  of  the  division  dorsally. 

Proceeding  still  further  inward,  PL  XI.  Fig.  7-,  we  find  the 
commissures  nearly  at  a  minimum.  Superiorly  there  is  the 
small  rounded  superior  commissure,  /,  with  a  few  cells  behind 
it.  Inferiorly  the  division  shows  only  the  section  of  the  fibres 
of  the  inferior  commissure,  the  rest  being  cellular.     The  fibrous 
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area  (g)  is  irregularly  rounded,  and  occupies  the  upper  and 
anterior  region. 

It  will  easily  be  seen  from  the  foregoing  that  the  inferior 
commissure  is  not  a  mere  band  of  fibres,  but  that  it  has  a  series 
of  cells  forming  a  continuous  investment  inferiorly,  but  which, 
dorsally,  are  confined  to  the  centre,  the  fibrous  area  reaching 
the  circumference  at  the  sides  of  the  commissure.  It  is  also,  as 
already  indicated,  continuous  with  the  great  fibrous  area.  It  is 
well,  further,  to  bear  in  mind  that  in  the  living  animal  the 
parts  present  a  very  different  appearance,  for  then  the  cephalic 
sac  forms  a  large  globular  organ,  and  the  fibrous  peduncle  of 
connection  with  the  ganglion  is  probably  considerably  elongated. 
In  the  young  animal  the  condition  is  still  more  divergent, 
since  the  cephalic  sacs  are  situated  considerably  behind  the 
ganglia. 

As  the  minute  structure  of  the  snout  of  Lineus  marinus 
was  not  specially  detailed  in  the  'British  Annelids'  {Lineua 
gesserensis  having  been  selected  as  the  type),  a  few  remarks 
on  the  subject  may  be  made  in  the  course  of  the  description  of 
the  ganglia. 

The  chief  point  of  interest  in  the  anterior  sections  is  the 
structure  of  the  eyes  (oc,  PL  xii.  Figs.  1  and  2),  which  are 
composed  of  masses  of  black  pigment  somewhat  irregular  in 
shape  but  smooth  in  outline,  as  if  in  a  capsule,  and  having  a 
pale  patch  at  one  side  (generally  the  dorsal) — ^probably  the 
rudimentary  condition  of  a  lens.  The  stroma  consists,  imme- 
diately behind  the  cutaneous  structures — in  transverse  vertical 
section,  of  a  series  of  longitudinal  fibres  scattered  generally 
over  the  area,  but  chiefly  congregated  in  the  region  above  a 
line  drawn  between  the  cephalic  fissures.  A  somewhat  radi- 
ating series  of  fibres  converge  to  a  point  above  the  proboscidian 
channel  (towards  the  dorsal  border).  As  the  channel  falls 
(proceeding  backward)  into  the  centre  of  the  snout,  it  is 
found  that  the  radiating  fibres  in  the  line  between  the  cephalic 
fissures  assume  the  form  of  a  powerful  band  above  the  pro- 
boscidian channel.  Beneath  the  latter  there  are  also  many 
isolated  transverse  muscular  bands,  some  of  which  decussate 
in  the  middle  line.      The  great   muscularity  of  this  supra- 
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proboscidian  arch  becomes  more  marked  in  the  succeeding 
Rections.  The  proboscidian  canal,  oo,  is  not  separated  from 
the  stroma^  but  shows  internally  its  mucous  layer,  ab,  and  is 
surrounded  by  a  vast  series  of  longitudinal  muscular  fibres, 
with  various  radiating  and  interlacing  bands.  A  considerable 
increase  in  the  size  of  the  proboscidian  channel,  PI.  xil. 
Fig.  1,  next  occurs.  The  chief  development  of  pigment  is 
dorsal,  and  the  eyes,  oc,  lie  in  the  region  above  the  cephalic 
fissure  on  each  side.  The  great  muscular  band,  em,  above  the 
proboscidian  channel  is  very  evident — ^being  composed  of 
fibres  which  converge  dorsally,  ventrally,  and  laterally,  with 
longitudinal  bundles  in  the  meshes.  Around  the  proboscidian 
canal  is  an  investment  (ac)  of  strong  longitudinal  bundles. 
Beyond  this,  and  a  little  above  the  level  of  the  canal,  a  space 
soon  appears  (PL  xil.  Fig.  2,  as)  on  each  side,  the  inferior 
margin  thereof  being  formed  of  fibres  which  slant  downward 
and  inward  to  the  bottom  of  the  canal.  The  vascular  channel 
is  first  formed  by  a  splitting  of  certain  of  the  diverging  (or 
converging)  fibres  from  the  band  above  the  canal.  The  rest  of 
the  section  inside  the  cutaneous  textures  may  best  and  most 
briefly  be  described  as  a  great  muscular  plexus  of  longitudinal, 
transverse,  and  oblique  fibres,  densest  towards  the  centre, 
though  the  longitudinal  and  other  fibres  are  well  developed 
at  the  inner  part  of  the  cephalic  fissure,  b.  A  more  distinct 
differentiation  of  the  central  region  next  occurs.  By  the 
rapid  increase  of  the  vascular  channel  (PL  xi.  Fig.  11,  €ui) 
on  each  side  of  the  proboscidian  canal,  the  latter  is  now  free 
laterally,  but  still  has  a  dorsal  and  ventral  attachment — the 
latter  being  the  broader.  The  great  dorsal  band  of  fibres,  em, 
remains,  but  by  the  differentiation  of  its  lateral  and  ventral 
connections  a  distinct  investment,  0,6,  for  the  combined  vascular 
and  proboscidian  region  is  formed.  From  this  investment 
fibres,  er,  radiate  in  all  directions,  especially  superiorly  and 
inferiorly,  and  often  cross  each  other;  while  numerous  longi- 
tudinal bundles,  hn,  occur  in  dense  series  over  the  greater 
part  of  the  area.  Within  the  general  muscular  sheath  above 
mentioned  a  thin  series  of  longitudinal  bundles,  am,  form  a 
kind  of  inner  coating  all  round,  with  the  exception  of  the 
dorsal  and  ventral  connection  of  the  proboscidian  canal.     This 
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layer  in  transverse  section  has  a  somewhat  crenate  aspect  Its 
inner  surface  is  covered  throughout  by  a  granular  coating,  mo, 
which  indeed  lines  the  vascular  canal  all  round.  The  canal  is 
half-moon-shaped  in  ordinary  sections^  and  is  often  filled  with  a 
granular  fluid.  In  the  centre  of  the  united  area  is  the  pro- 
boscidian canal,  ao,  having  externally  its  portion  of  the  granular 
layer,  mo,  of  the  vascular  chamber  on  each  side,  and  then  a 
thick  investment  of  longitudinal  muscular  fibres  {clc),  the  centre 
being  occupied  by  the  streaked,  glandular  or  mucous  layer 
{ab)  of  the  canal. 

A  little  behind  the  foregoing  the  proboscidian  canal  becomes 
attached  by  a  broad  base  inferiorly,  while  superiorly  the  con- 
nection is  narrower  and  less  powerful.  Around  the  united 
area  are  the  strong  radiating  muscles,  which  form  a  com- 
paratively smooth  inner  margin,  but  send  off  branches  in  all 
directions  externally,  so  as  to  constitute  a  most  elaborate  plexus 
of  crossed  fibres  all  round,  with  the  longitudinal  muscles  and 
nerves  in  the  meshes.  Superiorly,  fibres  converge  downward 
from  each  side  of  the  middle  line  and  pass  amongst  the  longi- 
tudinal series  enveloping  the  proboscidian  canal — a  coating  of 
granular  tissue  being  likewise  on  each  side  of  this  isthmus. 
As  formerly,  the  external  lateral  wall  of  the  proboscidian  canal 
is  somewhat  firm  and  granular,  the  region  between  this  and 
the  glandular  layer  being  composed  of  interlaced  circular  and 
longitudinal  fibres.  A  considerable  change  has  thus  taken 
place  in  the  investment,  which  anteriorly  was  chiefly  composed 
of  longitudinal  muscular  fibres.  Internally  the  canal  is  lined 
by  its  streaked  glandular  layer.  Inferiorly  it  has  a  broad  con- 
nection with  the  tissues,  and  by  the  crossing  of  bands  from 
the  circular  fibres  into  the  latter  a  very  firm  attachment  is 
obtained.  The  layer  of  longitudinal  fibres — covered  internally 
by  a  glandular  layer — ^still  lines  the  common  muscular  invest- 
ment at  the  vascular  canals. 

The  chief  change  that  takes  place  between  the  last-men- 
tioned region  and  the  front  of  the  ganglia  is  the  great  increase 
in  the  lateral  vascular  spaces  (on  each  side  of  the  proboscidian 
channel)  and  the  appearance  of  a  new  vessel  in  that  portion 
which  we  have  called  the  broad  base.  This  new  channel, 
PL  xin.  Fig.  1,  vw,  has  an  ovoid  form,  a  muscular  investment 
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resting  on  the  general  muscular  boundary  of  the  united  area 
and  arched  over  superiorly  by  the  walls  of  the  proboscidian 
channel.  The  longitudinal  muscular  lining  of  the  circular  or 
radiating  investment  of  the  common  area  is  much  diminished, 
and  evidently  is  disappearing.  The  wall  of  the  proboscidian 
channel  is  thick.  Externally  the  somewhat  fibro-granular 
outer  part  (not  differentiated  as  a  distinct  layer),  then  a 
somewhat  thick  coat  of  longitudinal  fibres,  ac,  finely  fibril- 
lated,  and  enveloped  in  a  very  distinct  intermuscular  substance, 
with  numerous  fibres  passing  downward  from  the  arch  above. 
This  layer  goes  to  the  inferior  common  investment  of  the 
area,  on  each  side  of  the  new  channel  mentioned  above. 
Within  is  a  thick  circular  layer  {ad),  upon  which  the  glandular 
internal  lining  (db)  rests.  The  latter  quite  differs  in  appear- 
ance from  the  glandular  lining  of  the  proboscis,  so  that  there 
can  be  no  doubt  we  are  still  describing  the  proboscidian 
channel,  which  thus  has  obtained  its  maximum  degree  of  com- 
plexity. The  cephalic  fissures  have  now  passed  into  large 
ducts.  The  hypertrophy  of  the  circular  layer  outside  the 
glandular  internal  lining  inaugurates  the  great  change  which 
soon  takes  place.  At  the  anterior  border  of  the  ganglia 
externally  (next  the  ganglionic  sheath)  is  a  layer  of  longi- 
tudinal fibres  with  distinct  fasciculi,  then  a  nanow  glandular 
layer  with  traces  of  a  translucent  basement-layer  externally 
(next  the  longitudinal  layer).  Still  further  backward  what 
appeared  to  be  the  ganglionic  sheath  now  assumes  the  form  of 
a  special  coat  of  circular  fibres  (c,  PL  XII.  Fig.  3),  having  within 
it,  ac,  the  well-marked  longitudinal  layer  all  round.  Inferiorly, 
however,  a  separation  has  occurred  in  the  longitudinal  coat 
(and  in  this  is  the  channel,  vn),  the  somewhat  rigid-looking 
glandular  layer,  ab,  lying  within  a  very  thin  basement-layer. 
The  firee  surface  of  the  channel,  vn,  has  no  special  coat, 
though  it  is  somewhat  granular  throughout.  This  view  quite 
agrees  with  that  of  Lineua  gesserensis  given  in  PI.  xxii.  Fig.  1, 
Bay  Society,  though  the  inner  coats  somewhat  diverge,  be- 
cause in  the  former  figure  the  cut  has  been  a  little  further 
back. 

The  next  noteworthy  change  is  the  appearance  of  a  series 
of  circular  fibres'  (c\  PL  Xil.  Fig.  4)  which  separate  the  outer 
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longitudinal  coat  into  two  in  the  superior  area  (or  area  of  the 
tube),  and  soon  assume  considerable  strength.  Inferiorly 
some  of  the  circular  fibres  pass  straight  down  to  be  attached 
to  the  transverse  fibres  which  support  the  arch  over  the  channel 
(vn).  Moreover,  a  definite  canal,  p,  appears  between  the 
basement-layer  of  the  glandular  lining  and  the  inner  longi- 
tudinal muscular  layer. 

A  further  alteration  occurs  at  the  posterior  part  of  the 
ganglia,  and  consists  of  an  analogous  condition  to  the  pre- 
ganglionic arrangement,  for  the  imited  ganglionic  and  probo- 
scidian area  now  gets  enveloped  by  strong  circular  fibres,  which 
permit  the  great  increase  of  the  infra-proboscidian  channel,  and 
the  appearance  of  other  spaces  at  the  cephalic  sacs — ^very  well 
seen  in  all  its  features  in  PL  xm.  Fig.  2.  The  important  points 
are  the  dense  investment,  md,  of  the  cephalic  sacs,  the  great 
increase  in  the  circular  layer,  c,  around  the  inner  longitudinal 
muscular  coat  of  the  canal  of  the  proboscis,  and  the  absorption 
of  the  outer  longitudinal  layer  chiefly  into  the  former,  with  the 
exception  of  small  isolated  fasciculi,  and  at  the  sides  superiorly 
a  few  larger  ones  (ak),  which  become  continuous  with  a  longi- 
tudinal layer,  ec,  lining  the  circular  general  investment  of  the 
united  area  (formerly  mentioned).  The  rest  of  the  area  of  the 
section  of  the  head  is  formed  by  longitudinal  muscular  fibres 
clasped  in  interfascicular  substance  and  radiating  fibres,  and 
externally  by  the  cutaneous  tissues. 

The  occurrence  of  the  infra-proboscidian  canal  in  this  region 
is  interesting,  especially  as  its  subsequent  course  shows  it  to  be 
continuous  with  the  dorsal  vessel,  and,  before  describing  the 
ganglia,  this  will  be  disposed  of. 

The  small  sub-proboscidian  canal  (or  dorsal  vessel)  presents, 
at  the  above  region,  PL  Xlll.  Fig.  2,  the  following  appearance : 
a  strong  arch  of  basement-tissue,  vb,  surmounted  by  a  glandular 
layer,  g,  better  developed  than  the  rest  of  the  sheath,  forms 
the  superior  boundary  of  the  vessel,  while  a  distinct  but  thin 
band,  vb\  from  the  edges  of  the  foregoing,  completes  the  circuit. 
This  thin  inferior  ring  rests  on  the  longitudinal  muscular  coat, 
ac.    Internally  the  canal  is  lined  by  a  series  of  small  glands. 

About  the  region  of  the  mouth  a  change  occurs  in  the 
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sheaih.  Its  circular  fibres,  PL  xn.  Fig  5,  c',  are  now  largely 
developed,  and  abut  superiorly  on  the  great  circular  body-layer 
which  has,  exactly  in  the  central  line,  a  solid  granular  (nervous?) 
band,  be,  probably  analogous  with  that  seen  in  Amphiporus 
spectabilis^.  In  this  form,  however,  a  granular  belt  proceeds 
from  each  side  of  the  central  mass  between  the  longitudinal  and 
circular  layers.  The  inferior  third  of  the  proboscidian  circle  is 
made  up  of  regularly  interlaced  circular  and  longitudinal  fibres, 
ci,  this  mixed  layer  forming  the  sole  coat  underneath  the  dorsal 
vessel,  p,  and  it  is  further  intimately  connected  with  the  fibres  of 
the  region.  Within  is  a  well-defined  longitudinal  coat,  ao, 
narrow  above,  increasing  in  size  laterally,  and  again  diminish- 
ing abruptly  near  the  dorsal  vessel,  beneath  which  it  ceases  as 
an  independent  layer.  The  fasciculi  of  this  coat  are  arranged 
in  narrow  rows — well  seen  at  the  thick  inferior  region.  Next 
comes  the  translucent  basement-layer,  vb,  having  the  glandular 
lining,  g,  internally.  The  arch  of  basement-membrane  over  the 
dorsal  vessel  seems  to  be  denser  than  the  rest,  and  the  glandular 
lining,  ^,  is  still  prominently  developed.  The  inferior  arch 
has  now  immediately  beneath  it  a  layer  of  lax  granular  tissue. 
The  superior  arch  projects  considerably  into  the  sheath-cavity. 
In  the  interior  of  the  dorsal  vessel  the  glandular  lining  is  still 
evident,  and  the  circular  fibres  merge  inferiorly  into  the  de- 
cussating layer,  which  bounds  internally  the  vascular  meshes 
surrounding  the  oesophageal  region,  the  central  arrangement  of 
the  proboscidian  sheath  inferiorly  being,  indeed,  in  keeping  with 
the  structure  of  this  system. 

The  chief  changes  behind  the  foregoing  are  (PI.  Xlli.  Fig.  3) : 
the  narrowing  of  the  interlaced  region  (ci)  of  the  proboscidian 
sheath  inferiorly,  and  its  greater  difierentiation  from  the  surround- 
ing tissues,  with  which,  however,  some  of  its  fibres  still  mix. 
Another  marked  feature  is  the  projection  upward  of  the  greatly 
enlarged  dorsal  vessel,  p,  so  that  in  transverse  section  it  forms  a 
prominent  fold  in  the  cavity.  The  longitudinal  layer,  ac,  has 
advanced  downward,  and  between  it  and  the  first  isolated 
group  of  longitudinal  fibres,  ac,  is  a  strong  band  of  circular 
fibres,  c\    The  wall  of  the  anterior  dorsal  vessel  is  still  thicker 

1  Jour,  Mierot,  Soe,  Vol.  xV.  N.S.  PL  xiv,  fig.  1,  b  e. 
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superiorly,  but  the  glandular  tissue  on  the  surface  of  the  sheath 
immediately  above  forms  a  less  continuous  coating.  On  the 
internal  surface  of  the  vessel  there  appears  to  be  a  granular 
glandular  lining.  The  characteristic  granular  cells  occur  in  the 
sheath- cavity.  The  longitudinal  coat  of  the  sheath,  a^\  soon 
passes  so  far  down  as  to  be  separated  only  by  the  vessel  (PI. 
XIII.  Fig.  4),  and  the  inferior  decussating  region  (ci)  is  limited 

in  area. 

It  is  next  noticed  that  the  vessel  projects  less  into  the  cavity 
of  the  proboscidian  sheath,  and  that  the  longitudinal  muscular 
layer  sends  processes  along  it  in  transverse  section;  and  as  soon 
as  the  layer  becomes  continuous  over  the  vessel  there  is  a  distinct 
invagination  of  the  sheath  into  the  vessel  (PL  xiil.  Fig.  5)  instead 
of  the  opposite  arrangement — hitherto  characteristic.  The  strong 
band,  c",  formerly  alluded  to  as  bounding  the  decussating 
region,  has  greatly  increased  in  size  and  is  continuous  from  side 
to  side  underneath  the  longitudinal  layer  of  the  sheath.  The 
calibre  of  the  dorsal  vessel,  |),  has  become  much  less,  and  its 
long  diameter  is  transverse  in  the  preparation  instead  of  vertical. 
A  continuous  area,  oc'",  of  longitudinal  fibres  bounds  the  vessel 
beneath  and  reaches  up  as  a  broad  layer  to  the  strong  circidar 
band  above  mentioned.  The  decussating  region  beneath  is 
therefore  narrowed.  Then  the  longitudinal  fibres,  a/d'\  of  the 
sheath  increase  in  thickness  over  the  vessel,  PL  xiil.  Fig.  6,  and 
the  transverse  inferior  band,  c",  becomes  so  strong  that  the  wall 
now  forms  only  a  slight  downward  curve  over  the  dorsal  vessel, 
which  is  supported  on  a  finely  interfaced  meshwork  of  longi- 
tudinal and  circular  fibres. 

The  dorsal  vessel  gradually  increases  in  size  (PL  xiii.  Fig.  7), 
and  has  the  greater  part  of  the  circular  coat  in  a  continuous 
stratum  above  it;  some  bands,  however,  still  pass  downward 
beneath  the  latter,  and  in  the  central  line  a  few  longitudinal 
bundles  also  occur. 

Finally  (PL  xlii.  Fig.  8)  the  sheath,  a^^  is  quite  separated 
from  the  dorsal  vessel,  p,  which  is  inferior  and  of  large  size. 
The  vessel  rests  on  the  oesophageal  wall,  and  is  surrounded 
by  its  sheath  and  the  stroma  of  the  region. 

The  origin  and  relations  of  the  dorsal  vessel  in  the  Lirieidce 
afford  additional  proof  of  the  important  connections  subsisting 
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between  the  proboscidian  sheath  and  its  contents  on  the  one 
hand,  and  the  circulatory  system  on  the  other.  The  occurrence 
of  distinct  vessels  from  the  chamber  in  Amphiporus  spectabilis, 
and  of  two  lateral  vessels  on  each  side  internally  in  that  of 
Vaiencinia  Armandi,  have  been  formerly  mentioned.  In  no 
feature  is  the  distinction  between  the  Lineidce  and  the  Carin- 
ellidcB  better  shown  than  in  the  dorsal  trunk.  The  latter  vessel 
does  not  appear  to  have  any  connection  with  the  pre-gaoglionic 
meshes  at  the  sides  of  the  proboscidian  canal,  communication 
between  the  latter  and  the  posterior  ganglionic  meshes  being 
completed  by  the  sub-proboscidian  channel  (vn). 

In  transverse  vertical  section  the  ganglia  of  Lineus  marinvs 
present  the  following  appearances : — ^Behind  the  section  of  the 
anterior  nerves,  PI.  xii.  Fig.  6  (left  side),  are  the  siq>erior  com- 
missure, and  the  cut  ends  of  several  fibrous  spaces,  a".  In  this 
section  there  are  also  traces  of  the  vascular  spaces  at  as  and 
cw'.  A  little  further  backward  (right  side  of  section)  is  superi- 
orly the  ganglionic  commissure  (/) — somewhat  indistinctly  seen, 
a  circular  fibrous  area,  a\  immediately  beneath,  and  probably 
continuous  therewith,  and  certain  muscular  bands  obscuring  the 
parts  above  and  below  this  area  (two  diverging  transversely). 
The  rest  of  the  ganglion  eonsists  of  a  large  central  fibrous  area, 
a,  and  an  indistinct  smaller  area  inferior  and  internal,  the 
commencement  of  the  inferior  commissure  being  shrouded  in 
fibres.  A  somewhat  elliptical  cellular  region  lies  beneath  the 
great  fibrous  area.  Then  (PI.  x.  Fig.  10)  a  cellular  region, 
hi,  comes  out  clearly  superiorly,  having  a  large  and  some- 
what irregular  fibrous  area,  ha,  bounded  by  a  cellular  belt,  Ai, 
inferiorly.  The  inferior  horn  of  the  fibrous  area  is  next  seen  to. 
be  continuous  with  the  inferior  commissure,  g.  A  simplification 
ensues  behind  this,  the  ganglion  having  superiorly  a  large  cel- 
lular area,  centrally  an  external  fibrous  area  of  a  somewhat 
rounded  form,  another  smaller  fibrous  area,  also  rounded, 
internally  and  below,  and  inferiorly  a  long  cellular  belt,  which 
quite  passes  from  the  proboscidian  sheath  to  the  limit  of  the 
ganglion  inferiorly.  In  PI.  xil.  Fig.  3  (right)  the  changes  are: — 
The  passage  of  the  inferior  fibrous  area  (n)  towards  the  inner 
border,  an  alteration  of  its  long  axis,  and  the  great  develop- 
ment of  the  cellular  area  {hn^  commencement  of  the  nerve- cord) 
around  this  inferiorly  and  internally.     The   fibrous   area,   n, 
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touches  the  ganglionic  investment  at  the  proboscidian  sheathi 
The  great  external  fibrous  area  (a)  passes  somewhat  further 
upward  and  has  assumed  a  different  shape,  and  a  separate 
fibrous  area  internally  is  still  evident,  but  the  smaller  one  above 
the  nerve-trunk  has  now  disappeared.  Thereafter  two  fibrous 
regions  only  remain,  the  superior  being  diminished  and  sur- 
rounded on  all-  sides  by  the  cellular. 

The  next  great  alteration  is  the  decided  separation  which 
occurs  between  the  superior  and  inferior  regions  of  the  ganglion. 
In  a  section  immediately  behind  the  foregoing  the  capsule  of 
the  ganglion  is  somewhat  better  differentiated,  especially  on  the 
internal,  superior,  and  inferior  borders.    There  is  a  large  and 
distinct  fibrous  area  towards  the  inferior  part  of  the  upper 
division,  but  also  an  indication  of  a  superior  and  outer  one  in 
connection  with  the  former.     At  the  outer  and  inferior  part  of 
this  division  is  a  slice  of  the  cephalic  sac  (representing  the 
anterior  inferior  part  of  the  organ),  the  aperture  for  the  cephalic 
duct  passing  clearly  into  it;  and  also  the  track  of  the  duct 
leading  to  the  cephalic  fissure.     The  outer  border  of  the  sac  is 
guarded  by  a  strong  investment,  passing  downward  from  the 
capsule  of  the  ganglion.     Some   bands  beneath  the  ganglion 
(superior  division)  seem   to  pass  inward  to  the  wall  of  the 
sheath,  and  this  attachment  gives  the  area  in  section  a  some- 
what triangular  appearance,  since  there  is  a  strain  put  upon  the 
inferior  angles.     The   inferior  region  now   shows  the  nerve- 
trunk  connected  with  the  fibrous  area,  and  surrounded  on  three 
sides  by  the  cellular  investment.     There  is  a  small  isolated 
fibrous  area  at  the  base,  close  to  the  proboscidian  sheath.     In 
a  section  very  slightly  further  back  (PI.  xil.  Fig.  4),  two  dis- 
tinct fibrous  regions  exist — one,  a,  at  the  inner  and  inferior 
border  of  the  ganglion,  and  the  other,  a',  at  the  upper  and  outer. 
A  somewhat  long  slice  (md)  of  the  sheath  of  the  cephalic  sac 
occurs,  and  the  cephalic  duct,  m\  can  be  traced  a  considerable 
distance  outward  from  its  opening  into  the  former  at  the  external 
border.   The  fibres  (cm)  firom  the  roof  of  the  vascular  inter-gan- 
glionic  area  pass  at  their  outer  angle  into  the  capsule  of  the  sac. 
Then  (PL  xiii.  Fig.  2,  left)  only  a  single  fibrous  area,  hb  (pos- 
terior comu)  occurs  in  the  centre  of  the  ovoid  outline  of  tlie 
ganglion  and  cephalic  sac,  and  the  latter  is  differentiated  in- 
feriorly.     In  such  a  section  part  of  the  ganglionic  tissue  appears. 
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Since  the  cephalic  sac  is  applied  like  a  cap  to  its  prominent 
posterior  border  (see  longitudinal  sections).  The  dense  capsule, 
Tndy  round  this  area  is  characteristic.  Above  the  area  is  a 
portion,  h,  apparently  of  the  posterior  and  upper  part  of  the 
ganglion,  which  is  probably  continuous  with  the  rest  in  the 
upper  part  of  the  oval  area>  and  externally  (outside  the  capsule 
of  the  sac)  is  a  great  vascular  space,  «,  from  summit  to  base. 
In  the  next  section  (same  figure — right),  the  fibrous  area 
has  disappeared,  and  the  section  of  the  diminished  sac,  m,  is 
purely  cellular,  while  the  investment,  md,  has  considerably 
increased  in  thickness.  The  great  longitudinal  muscular  layer, 
e,  with  interlaced  intermuscular  fibres  and  substance,  surrounds 
the  entire  central  area.  In  the  median  line  dorsally  is  a 
granular  trunk,  he  (louger  than  the  posterior  continuation  of 
the  same),  which  appears  to  proceed  from  the  superior  com- 
missure, and  therefore  is  probably  nervous.  Within  is  the 
circular  layer,  e',  surroundiug  the  common  area  of  the  vascular 
meshes,  proboscidian  sheath,  and  cephalic  sacs.  This  at  first 
passes  between  the  posterior  part  of  the  ganglion  and  the  great 
nerve-trunk,  n,  but  by-and-by  the  latter  pierces  it,  and  the  fibres 
form  a  great  muscular  belt  all  round.  Superiorly  it  is  lined  by 
a  longitudinal  layer,  ec,  which  is  also  continued  inferiorly, 
beyond  the  bridge  over  the  infra-proboscidian  vascular  space. 
The  internal  meshes  of  the  circular  layer  at  the  inferior  margin 
of  the  vascular  space,  8,  are  occupied  by  a  granular  substance, 
bu,  which  probably  represents  the  divided  ends  of  nerve-cords. 

In  the  ganglionic  region  a  special  arrangement  of  the  longi- 
tudinal and  circular  muscles  occur,  for  the  former  are  split  by 
the  latter  into  numerous  laminae  superiorly  and  inferiorly 
(PI.  XII.  Fig.  7,  e,  e).  This  disposition  is  confined  to  the  gan- 
glionic region  proper,  and  gradually  disappears  anteriorly  and 
posteriorly. 

Thus  in  the  NemerUans  the  nervous  aystem  is  highly  deyeloped  and  of 
large  size,  a  feature  in  which  they  strongly  contrast  with  the  parasitic  worms, 
with  which,  indeed,  as  formerly  mentioned,  their  resemblances  are  rather  remote. 
The  cephalic  sacs  are  evidently  special  organs  of  sense,  their  internal  surface 
being  in  direct  communication  with  the  surrounding  element  (sea-water)  by  the 
ciliated  duct,  while  the  fibrous  peduncle  places  their  cells  in  Qpntinuity  with  the 
central  nervous  system.  In  the  sections  most  of  the  gapglion-cells  present  a 
simple  outline,  but  this  is  due  less  to  their  actual  relation  to  the  fibres  than  to 
the  mode  of  preparation.  In  the  living  and  fresh  animals  such  connection  is 
easily  demonstrated,  both  in  the  present  group  and  in  the  EnoplcL 


250  M^'INTOSH. 


EXPLANATION  OF  THE  PLATES. 

The  following  letters  have  for  the  most  part  been  used  to  designate  the 
same  structures  throughout  the  6gures.  a.  Great  fibrous  area  of  the 
ganglion ;  ac.  Longitudinal  muscular  layer  of  the  proboscidian  sheath  ; 
ao,  Channel  for  the  proboscis  in  the  snout ;  as,  Pre-ganglionic  vascular 
channels  ;  b.  Posterior  iuYOstnient  of  the  ganglia ;  be.  Nervous 
band — probably  from  the  superior  commissure ;  &.  Circular  layer  of 
the  proDoscidian  sheath ;  ci.  Region  of  interlaced  circular  and  longi- 
tudinal fibres;  e.  External  longitudinal  muscular  layer  of  the  body- 
wall:  e^.  Circular  muscular  coat  of  the  body- wall ;  ^\  Internal 
longitudinal  layer  of  the  same ;  f,  Superior  commissure  of  the  ganglia  ; 
a.  Inferior  commissure ;  h.  Cellular  region  of  the  ganglia  ;  kb. 
Posterior  fibrous  comu  connected  with  the  cephalic  sac ;  hn.  Cellular 
region  at  Uie  origin  of  the  great  nerve-trunk  ;  m.  Cephalic  sac  ;  m'. 
Duct  of  the  foregoing  ;  fn/\  Entrance  of  the  duct  into  the  sac ; 
n.  Great  lateral  nerve-trunk ;  o.  Proboscidian  sheath ;  p.  Dorsal 
blood-vessel ;  s.  Vascular  lacunse  behind  the  ganglia ;  vn.  Infra- 
proboscidian  vascular  channel 

Plate  JJ 

Fig.  1.  Horizontal  section  of  the  right  ganglion  in  Linens  gesserensis 
towards  its  summit,  a.  Fibrous  area ;  b.  Longitudinal  muscular  band ; 
€,    Muscular  boundary  posteriorly.        x  350  diam. 

Fig,  2.  Horizontal  section  of  the  same  ganglion  somewhat  deeper  than 
the  former.    The  letters  are  similar,     x  210  diam. 

Fig.  3.  .  Horizontal  section  of  the  left  ganglion  at  a  lower  level  than  the 
foregoing,  with  the  cephalic  sac  (m)  well- developed.  a.  Fragment  of 
the  prom)scis ;  db.  Union  of  the  proboscis  with  the  sheath  ;  e.  Space 
bounded  by  fibres  and  filled  with  cells  ;  ha.  Groat  fibrous  area ; 
hue.    Anterior  fibrous  area,     x  210  diam. 

Fig,  4.  Horizontal  section  of  the  right  ganglion  below  the  former  pre- 
paration, ho.  The  posterior  fibrous  coruu  in  its  altered  position. 
X  210  diam. 

Fig,  5.    Similar  section  of  the  right  ganglion  still  lower.      x  210  diam. 

Fig.  6.  Horizontal  section  of  the  nght  ganglion  near  the  inferior  part 
of  the  cephalic  sac,  which  has  now  passed  inwards,     x  210  diam. 

Fig.  7.  Horizontal  section  of  the  right  ganglion,  showing  the  continuity 
of  the  ganglion  and  nerve-trunk,     x  210  diam. 

Fig.  8.  Horizontal  section  of  the  right  ganglion  in  Linens  marinus. 
The  great  strength  of  the  investment  of  both  ganglion  and  sac  is  apparent. 
X  66  diam. 

Fig.  9.  Horizontal  section  of  the  same  at  a  lower  level  than  the  former, 
showing  the  relations  of  the  posterior  comu  to  the  cephidic  sac.  x  56 
diam. 

Fig.  10.  Vertical  section  of  the  right  ganglion  in  the  same  species. 
hi.    Cellular  region ;       Ao.    Fibrous  area,     x  55  diam. 

Plate  XI.» 
Fig,  1.    Longitudinal  vortical  section  of  the  ganglion  and  cephalic  sac 

^  To  understand  tho  poBition  of  the  ganglia  in  the  animal,  it  is  only  necessary 
to  remember  that  in  tins  Plate  all  the  figures  have  the  anterior  end  directed 
upwards. 

*  In  all  the  figures,  with  the  exception  of  tlie  last  (Fig.  11),  the  anterior 
e:(trcmity  is  directed  to  the  left. 
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of  Linens  ffesserenms  near  tbe  external  border.        a.    Trace  of  the  great 
fibroas  area,     x  90  diam. 

Fiff.  2.  Similar  section  just  within  the  former,  showing  the  leg-of- 
mutton  shape  of  the  fibrous  area,  and  the  position  of  the  cephalic  sac. 
e\  Muscular  coats  bounding  the  vascular  spaces  behind  the  ganglia ; 
ma.  Muscular  meshes  passing  from  the  former  to  the  investment  of  the 
cephalic  sac.     x  90  diam. 

Fig.  3.  Section  succeeding  the  foregoing,  and  (in  coigunction  with 
Plate  X.  Fig  3)  exhibiting  the  connection  of  the  posterior  comu  with  the 
cephalic  sac.  (/.  Bupenor  process  of  the  fibrous  area— that  portion  cor- 
responding with  a,  Plate  X.  Fig.  1 ;  ab.  Inferior  process  of  the  ffreat 
fibroas  area ;        e.    Muscular  lamellce  with  intervening  cells,     x  90  diam. 

Fig.  4.  Section  next  the  preceding.  ab.  Fibrous  process  from  the 
great  area  a.     x  90  diam. 

Fig,  5.  Section  following  jFY^.  4.  The  cephalic  sac  is  now  diminishing. 
ac.  Anterior  spur  of  the  great  fibrous  area  a  ;  ad.  Inferior  process  of 
the  same ;  an.  Granular  structure  resembling  a  section  of  a  nerve- 
trunk.  The  anterior  boundary  of  the  alimentary  chunber  is  observed  above 
the  latter,     x  90  diam. 

Fig.  6.  Section  somewhat  within  the  foregoing,  and  just  as  the  cephalic 
sac  is  disappearing.  The  connection  between  the  fibres  of  the  nerve-trunk 
(n)  and  the  great  fibrous  area  (a)  is  indicated.  o.  Proboscidian  sheath ; 
6b.  Small  cellulo-granular  processes  attached  to  the  posterior  border  of 
the  ganglion,     x  90  diam. 

Fig.  7.  Section  of  the  same  specimen  near  the  middle  line  (and  there- 
fore internal  to  that  represented  m  the  previous  figare),  showing  the  com- 
missures, ao.  Fold  uniting  tbe  proboscis  and  the  proboscidian  sheath ; 
vs.    Vascular  meshes  behind  the  ganglia,    x  90  diam. 

Fig.  8.  The  first  of  a  series  of  longitudinal  vertical  sections  of  a 
ganglion  of  Lineus  marinus  from  within  outwards  (from  near  the  middle 
line).  e.  Cellular  spaces  clasped  by  longitudinal  fibres;  Aa.  Pro- 
bably the  inner  edge  of  the  knuckle  in  front  of  the  posterior  comu — seen  in 
Plate  X.  Fig.  9,  with  which  compare,     x  65  diam. 

Fig.  9.  Section  external  to  the  foregoing,  showing  the  ganglion  in  com- 
plete development  a\  Small  fibn)us  area,  corresponding  with  a  in 
Plate  XII.  Fig^  8 ;  ad.  Inferior  spur  of  the  great  fibrous  area ;  mc. 
Special  capsule  of  the  cephalic  sac ;  md.  External  investment  of  the 
region.        Other  letters  as  before,     x  55  diam. 

Fig.  10.    Section  succeeding  the  previous,     x  55  diam. 

Fig.  11.  Transverse  vertical  section  of  the  central  region  of  the  snout 
in  front  of  the  ganglia  in  the  same  species  (Z.  marinus),  exhibiting  the 
arrangement  of  the  muscular  fibres  around  the  area  containing  the  pro- 
boscidian and  vascular  channels,     x  90  diam. 


Plate  XII. 

Fig.  1.  Outline  of  a  transverse  vertical  section  of  the  anterior  part  of 
the  snout  in  Litieus  marinus.  em.  Great  muscular  bands  above  the 
proboscidian  channel ;        oe.    Eyes.      x  about  20  diam. 

Fig.  2.  Similar  section  somewhat  posterior  to  the  foregoing,  showing 
the  commencement  of  the  vascular  channels  {as),     x  about  20  diam. 

Fig.  3.  Section  through  tbe  ganglia  in  the  same  species  in  the  region 
of  the  great  infra-proboscidian  channel  (ni) ;  c.  Special  coat  of  circular 
fibres  surrounding  the  united  area,     x  90  diam. 

Fig.  4.  Transverse  vertical  section  through  the  posterior  part  of 
the  left  ganglion  in  the  same  species.  a.  Postenor  fibrous  comu ; 
a'.    Indication  of  a  superior  fibrous  area ;       cm.    Point  of  junction  of  the 
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fibres  from  the  arch  over  the  info-proboflddian  Tascolar  spaoe,  with  the 
inrestment  of  the  oeplialic  sac.     x  90  diam. 

Fig.  5.  Similar  section  of  the  proboscidian  sheath  in  Lineus  marinus. 
g.  Internal  or  glandnlar  coat  of  the  organ  ;  (f.  The  same  layer  roecially 
thidcened  over  the  dorsal  Tessel ;        vb.    Basement-layer,     x  90  ^am. 

Fig.  6.  Transverse  vertical  section  of  the  anterior  gangtionic  region  in 
the  same  form  just  before  the  termination  of  the  pre-ganglionic  vascular 
spaces  (at  and  (U).  cC,  Fibrous  area  probably  connected  with  the 
saperior  oommissore ;  d'.  Sections  apparently  of  large  nerve-tronks 
proceeding  from  the  left  ganglion  anteriorly,     x  65  diam. 

Fif,  7.  Similar  section  of  the  same  specimen  in  the  line  of  the  inferior 
oommissore^  exhibiting  the  great  development  of  the  laminated  muscular 
layers  e^  e.    On  the  ri^t  the  cephalic  duct  is  observed  at  m'.     x  65  diam. 

Fig.  8.  HorizontS  section  of  the  superior  r^on  of  the  right  ganglion 
in  Lineut  marinuM.     x  55  diam. 

Plate  XIIL 

Fig.  1.    Transverse  vertical  section  of  the  channel  in  the  snout  for  the 

probosds  (in  front  of  the  gan^lia^  in  Linetu  fnarinu$;      aib.    Glandular 

inner  coat;        ac.    Longitudinal  external  layer;         ad.     Intermediate 

circular  coat ;       tn.    Commencement  of  the  infrarproboscidian  channel 

X  65  diam. 

Fiq.  2.  Similar  section  at  the  posterior  border  of  the  ganglia  in  th^ 
same  form.  €tk.  Longitudinal  muscular  bundles  clasped  by  vertical  and 
other  fibres;  ec.  Mixed  longitudinal  layer;  g.  Glandular  lining 
of  the  proboscidian  sheath ;  g.  Thicker  portion  of  the  same  over  the 
vessel  (p);  e6.  Basement-layer;  t^.  rortion  of  the  latter,  proceed- 
ing under  the  vessel  (o) ;  htu  Granular  spaces — probably  sections  of 
nerve-trunks  ;  /.  Great  vascular  space  behind  the  ganglia.  The  eleva- 
tion in  the  centre  of  the  latter  inferiorly  is  probably  due  to  the  approach  of 
the  mouth,     x  90  diam. 

Fig.  3.  Transverse  vertical  section  of  the  proboscidian  sheath  of  the 
same  form  posterior  to  that  represented  in  Fig.  5  of  the  previous  Plate, 
o^.  Upper  group  of  longjitudinal  fibres ;  c".  Strong  band  of  circular 
fibres  passing  to  join  a  similar  one  from  the  opposite  side.  The  vascular 
meshes  are  observed  at  $.    Other  letters  as  before,     x  65  diam. 

Fig.  4.  Section  posterior  to  the  foregoing.  The  vessel  p  now  projects 
less  into  the  proboscidian  sheath,     x  65  diam. 

Fig.  5.    Section  of  the  same  structures  after  a  posterior  interval.    The 

wall  of  the  proboscidian  tunnel  is  now  everted  into  the  vessel  inferiorly  ; 

the  separate  circular  band,  d\  has  now  become  larger,  and  the  longitudinal 

bands,  oo'",  better  developed.        j.     Wall  of  the  alimentary  chamber. 

X  55  diam. 

Fig.  6.  Similar  section  behind  the  foregoiog,  showing  the  great  increase 
in  the  separate  fasciculus,  c'\  and  the  grouping  of  the  longitudinal  fibres, 
a4f*'j  around  the  sides  and  ventral  surface  of  the  vessel  p.  The  interUced 
region  (ct)  beneath  is  still  extensive,     x  55  diam. 

Fig.^  7.  Section  somewhat  behind  the  previous,  exhibiting  the  band  cf% 
almost  in  full  development.  The  interlaced  region,  a,  is  now  very  limited. 
The  dense  walls  of  the  vessel  {p)  prevent  its  collapse,     x  55  diam. 

Fig.  8.  Section  of  the  proboscidian  sheath  posterior  to  the  former,  and 
in  the  condition  in  which  it  remains  throughout  the  greater  part  of  the 
body.  The  dorsal  vessel  {p)  is  now  large  and  patent  g.  Glandubir 
internal  lining ;        vh.    Basement-layer,      x  55  diam. 


EXPERIMENTS  ON  THE  BILIARY  SECRETION  OF 
THE  DOG.  By  Wduliam  Rutherford,  M.D.,  F.R.S.E. 
Professor  of  the  Institutes  of  Medicine  in  the  University 
of  Edinburgh;  and  M.  Vignal. 

iNTRODUCTIOlSr. 

The  influence  of  mercury,  podophylline,  and  taraxacum  upon 
the  biliary  secretion  of  the  dog  was  some  years  ago  investigated 
by  a  committee,  of  which  Professor  Hughes  Bennett  was  chair- 
man and  reporter.  Dr  Arthur  Qamgee  and  Dr  Rutherford 
were  the  two  junior  members  of  the  committee,  upon  whom 
devolved  the  task  of  performing  the  experiments.  On  the  re- 
commendation of  the  committee,  they  resorted  to  the  method  of 
establishing  permanent  biliary  fistulse  in  dogs;  they  then  gave 
the  animals  a  fixed  diet,  and  analysed  the  bile  secreted  daily 
before  and  after  the  administration  of  various  substances,  and 
they  observed  that  '^spontaneous  diarrhoea,  dysentery,  and  pur- 
gation produced  by  pilula  hydrargyri,  calomel,  corrosive  subli- 
mate, and  podophylline,  always  diminished  the  solid  constituents 
of  the  bile,  and,  with  one  exception,  the  fluid  portion  of  the  bile 
also"  {British  Association  Report,  1868,  p.  229).  The  observa- 
tions were  made  with  such  laborious  carefulness,  that  the  truth 
of  these  facts  need  not  be  called  in  question.  It  is  not  intended 
to  reopen  here  the  controversy  raised  by  opinions  expressed 
regarding  the  interpretation  of  these  and  other  facts,  it  being 
the  object  of  the  present  report  to  give  the  results  of  experi- 
ments performed  by  a  different  method. 

Two  years  ago,  Rohrig  ("Experimentelle  Untersuchungen 
tiber  die  Physiologic  der  Gallenabsonderungen " — Strieker's 
Jahrbucher,  1873,  p.  240)  performed  a.  number  of  experiments 
on  the  effect  of  various  substances  on  the  biliary  secretion.  He 
observed  the  rate  of  the  biliary  flow  from  temporary  fistulae  in 
fasting  curarised  animals  before  and  after  the  injection  of  pur- 
gative agents  into  the  stomach  and  intestine.  He  found  that 
large  doses  of  croton  oil  greatly  increased  the  secretion  of  bile, 
and  that  a  similar  effect,  though  to  a  less  extent,  was  produced 
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by  colocynth,  jalap,  aloes,  rhubarb,  arid  senna,  and  sulphate  of 
magnesia — the  potency  of  these  agents  as  hepatic  stimulants 
being  in  the  order  mentioned.  He  found,  moreover,  that  castor- 
oil  had  little  eflfect,  and  that  calomel,  while  it  seldom  recalled 
the  biliary  secretion  after  it  had  ceased,  nevertheless  somewhat 
augmented  it  when  it  was  taking  place  slowly. 

Rohrig's  statement  with  regard  to  calomel  does  not  much 
differ  from  that  made  by  Hughes  Bennett's  committee,  and  he 
made  no  experiments  with  podophylline  and  taraxacum ;  never- 
theless, he  did  find  that  certain  purgative  agents,  when  given 
to  animals  that  ^xe  fasting ,  increased  the  biliary  secretion,  while 
the  committee  found  that  in  non-fasting  animals,  purgative 
action  induced  by  podophylline,  calomel,  etc.,  diminished  the 
amount  of  water  and  solids  of  the  bile  secreted  in  the  twenty- 
four  hours. 

It  appeared  to  the  reporter  that  the  subject  should  not  be 
allowed  to  remain  in  its  present  position:  accordingly,  he  under- 
took the  following  research,  and  invited  the  co-operation  of 
Monsieur  Vignal,  who  had  come  to  do  some  work  in  the  physio- 
logical laboratory  of  the  University  of  Edinburgh. 

Method  of  Experiment. 

All  our  experiments  were  performed  on  dogs  that  had  in 
nearly  every  instance  fasted  about  eighteen  hours.  After  para* 
lysing  the  animal  with  curara^  and  establishing  artificial  respi- 
ration, we  opened  the  abdomen  in  the  linea  alba,  and  tied  a 
glass  cannula  in  the  common  bile-duct,  near  its  junction  with 
the  duodenum.  To  the  end  of  the  cannula  which  projected 
from  the  abdomen  we  attached  a  short  India-rubber  tube,  and 
to  the  end  of  this  again  a  short  tube  of  glass,  drawn  to  a  narrow 
aperture,  so  that  the  bile  might  drop  from  it.  The  gall-bladder 
was  then  compressed,  in  order  to  fill  the  whole  tubing  with  bile, 
and  the  cystic  duct  was  clamped  to  prevent  the  return  of  the 
bile  to  the  gall-bladder,  and  so  compel  all  the  bile  secreted  by 
the  liver  to  flow  through  the  cannula.  The  wound  in  the 
abdominal  wall  was  then  carefully  closed;  and  in  all  our  later 
experiments  the  animal  was  thoroughly  covered  with  cotton- wool, 
in  order  to  quickly  restore  it  to  its  normal  temperature. 
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Sohrig  estimated  the  velocity  of  the  biliary  secretion  by 
counting  the  seconds  that  elapse  between  the  fall  of  the  drops 
from  the  orifice  of  the  tube.  A  single  trial  convinced  us  that 
this  method  is  extremely  laborious,  and  by  no  means  accurate, 
seeing  that  it  does  not  permit  continuous  observation  for  any 
length  of  time.  Moreover,  we  saw  that  the  degree  of  viscosity 
of  the  bile  caused  a  variation  in  the  size  of  the  drops,  and, 
therefore,  in  the  intervals  between  their  fall  We  therefore 
abandoned  this  for  the  more  accurate  method  of  allowing  the 
bile  to  flow  into  a  fine  cubic  centimeter  measure,  and  recording 
the  quantity  secreted  every  quarter  of  an  hour.  In  addition  to 
constant  collection  of  the  bile,  this  method  has  the  great  ad- 
vantage of  permitting  a  graphic  representetion  of  the  resultiL 
We,  moreover,  took  the  trouble  to  analyse  the  bile  in  many 
cases,  and  to  make  po^t  mortem  examinations  of  the  alimentary 
canal;  points  entirely  omitted  i>y  Bobrig,  but  which,  neverthe- 
less, have  yielded  valuable  cesults. 

Until  it  is  attempted,  one  might  suppese  ihat  this  mode  of 
experiment  is  extremely  simple,  but  it  is  by  ne  means  so  simple 
as  it  appears.  It  is  needful  to  manipulate  the.abdominal  viscera 
with  great  care,  and  to  avoid  all  dragging  at  the  bile-duct, 
otherwise  the  secretion  of  bile  becomes  so  irregular  that  the 
experiment  may  be  useless.  Tibe  cannula  must  be  very  care* 
fully  retained  in  a  position  which  will  permit  its  moving  with 
the  diaphragm,  but  will  .prevent  it  from  twisting  the  duct,  and 
thus  impeding  the  .exit  of  the  bile  by  forming  a  valve  at  its 
orifice. 

The  respiration  requires  to  he  maintained  (wkh  great  r^;u- 
larity,  otherwise  the  biliacy  flow  is  rendered  nnequal  by  irregular 
diaphragmatic  compression  of  the  liver.  Moreover,  if  the  respi- 
ration be  deficient,  the  socretion  of  bile  is  always  diminished 
(Rohrig).  In  the  cases  indicating  the  biliary  secretion  in  these 
experiments,  some  of  the  oscillations  are  probably  owing  to 
vaiiations  in  the  respiration,  especially  to  variations  in  the 
amount  of  diaphragmatic  compression  of  the  liver;  for  we  were 
obliged  to  have  the  respiration  kept  up  by  the  hand,  and  this  is 
never  so  regular  as  a  machine.  Notwithstanding  this,  however, 
the  main  results  of  the  experiments  are  perfectly  clear. 

As  is  well  known,  curara  is  of  great  value  in  such  experi- 
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ments,  for,  by  paraJysiDg  voluntary  movement,  it  prevents  the 
irregular  outflow  of  the  bile,  which  certainly  follows  irregular 
contraction  of  the  abdominal  muscles;  and  if  care  be  taken  to 
give  doses  just  sufficient  to  produce  this  paralysis,  the  biliary 
secretion  is  not  apparently  affected;  but  if  too  much  be  given, 
the  heart  is  rendered  weak  and  irregular,  and  the  secretion  of 
bile  diminishes. 

Lastly,  it  is  essential  that  the  fall  of  temperature  which 
follows  the  opening  of  the  abdominal  cavity  be  speedily  recover- 
ed, otherwise  the  biliary  secretion  may  be  abnormally  low  at  the 
outset  of  the  experiment 

Seceetion  of  Bile  in  a  Curakised  Fasting  Doa. 

In  all  the  illustrations,  the  numbers  under  the  horizontal 
line  indicate  the  hours  during  which  the  secretion  of  bile  was 
observed,  while  those  to  the  left  of  the  vertical  line  indicate  in 
cubic  centimeters  the  amount  of  bile  which  flowed  from  the 
cannula;  the  dots  in  the  curve  indicate  the  quantities  of  bile 
collected  every  quarter  of  an  hour.  The  vertical  dotted  lines 
that  cross  the  curves  in  the  illustrations  indicate  that  something 
was  given  to  the  animal  In  all  such  experiments  the  amount 
of  bile  first  collected  is  usually  much  greater  than  that  at  subse- 
quent periods.  This  apparently  results  from,  the  sudden  dimi- 
nution in  the  resistance  to  the  exit  of  the  bile  which  follows  the 
opening  of  the  duct.  The  first  one  or  two  collections  are  there- 
fore not  reliable  indices  of  secretion,  and  they  are  consequently 
omitted  from  some  of  the  curves  altogether. 

The  solution  of  curara  employed  in  all  the  experiments  was 
a  filtered  aqueous  solution,  every  minim  of  which  contained  one 
milligramme  of  the  poisoiL  The  solution  was  always  injected 
into  the  jugular  vein. 

Experiment  1.  Dog  weighing  7.6  kilogrammes*. — ^Twenty 
milligrammes  of  curara  were  injected  into  the  jugular  vein  (at 
a,  Fig.  I).  The  abdomen  was  then  opened,  and  the  cannula 
placed  in  the  common  bile-duct,  as  above  indicated.  The  wound 
in  the  abdomen  was  closed,  the  animal  enveloped  in  cotton- 

^  A  kUogrcanane  is  2.2  potmclB. 
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wadding,  and  the  bile  collected.  As  the  QxpeTiment  proceeded, 
the  effect  of  the  curara  gradually  wore  off,  owing  to  its  elimiua^ 
tioD,  and  it  was  necessary  to  inject  irom  two  to  four  milligram- 
mea  bom  time  to  time  (6,  c,  d,  e,f,g,  Fig.  1).    If  the  curve  be 

Fig.  1. 


examined,  it  will  be  observed  that  these  dosea  had  no  apparent 
effect  on  the  biliary  secretion.  Laige  doses  weaken  the  heart, 
and  di'P'T'i''^  the  secretion  possibly  on  that  account;  but  dosea 
80  small  as  those  given  in  these  experiments  have  apparently 
no  effect,  and  therefore  their  administration  is  not  indicated  in 
subsequent  curves. 

The  secretion  of  bile  in  this  case  was  fairly  regiilar.  After 
&lling  until  the  middle  of  the  third  hour,  it  increased  for  a 
time  and  then  fell  somewhat  At  the  eighth  hour  it  was 
slightly  below  what  it  had  been  at  the  close  of  the  first. 

Ejqmiment  2.  Dog  w^ghing  15  kilogrammes. — In  this 
experiment  the  secretion  of  bile  with  doses  of  curara  similar  to 
the  abore  was  again  observed.  The  biliary  flow  was  not  so 
regular  in  this  case.  It  will  be  noticed  (Fig.  2),  that  a  high 
and  a  low  reading  succeed  each  other  more  than  once.  It  is 
just  possible  that  this  may  have  been  owing  to  a  variation  in 
the  facility  of  exit  of  the  bile,  owing,  perhaps,  to  some  slight 
shifting  of  the  cannula.  The  real  amount  of  biliary  secretion  in 
such  cases  would  probably  be  more  nearly  represented  by  taking 
the  mean  of  the  high  and  the  low  reading,  aa  indicated  by  the 
dotted  line  and  triangles. 
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SecTetion  of  bile  in  ft  dog  that  hod  feated  ninstMii  boors.  Cotani  only  given. 
The  onbroken  oorre  joias  the  readingB  of  the  bile,  that  were  ootoal^  taken 
evsiy  qoartei  of  an  hour.  The  bioken  line  and  triangles  indicate  what  waa 
probaUj  the  real  Beoretion  of  bile  when  the  outflow  wm  inegalat.  (See 
text.) 

Compoeitum  of  Bilein  a  Facing  Dog. — Aaalyses  were  made' 
of  the  bile  secreted  by  the  second  dog  during  the  first,  fourth, 
and  hist  hours  of  the  experiment.    Tbe  following  are  the  results. 


Eiperiment  9. 

FiratHoni.  |  Fourth  Honr. 

ing 
LartHoor. 

Water          

Mnona 

A«h 

89^ 

B.7S 
0.71 

89.68 

8.68 
0.73 
1.08 

8.71 
0.78 
1.08 

TdW 

100.00 

100.00 

100.00 

It  therefore  appears  that  in  tbe  progress  of  the  experiment 
the  composition  of  the  bile  remained  almost  predsely  the  same. 
This  is  remarkable,  seeing  that  the  animal  had  been  deprived  of 
water  for  so  long  a  time,  and,  moreover,  seeing  that  the  entrance 
of  the  bile  into  the  intestine  had  been  cut  o£  It  should  be 
mentioned  that  in  taking  the  bile  secreted  near  the  beginning 
of  such  experiments  for  analysis,  we  were  always  careful  to 
eliminate  that  which  had  been  expressed  from  the  gall-bladder 
into  the  cannula. 
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Action  of  Croton-Oil. 

Rdhrig  has  placed  croton-oil  at  the  head  of  his  list  <^  hepaUc 
stimulants,  with  the  statemeiit  that  ic  dosee  from  eighteen 
drops  to  a  "  teaspoonful "  it  has  an  exciting  effect  on  the  biliary 
secretion  even  under  the  most  unfavourable  circurastances  (f»&. 
cit.,  p.  250).  The  substance  was  therefore  made  the  subject  of 
our  first  experiments  with  cholagogues. 

Experimeni  3.  Dog  weighing  7.3  kilogrammes. — Con- 
sidering the  small  size  of  this  dog,  the  secretion  of  bile  was 
anusually  great  This  probably  resulted  from  digestion  being 
incomplete ;  for,  although  the  animal  was  fed  seventeen  hours 
before  the  experiment,  at  death  a  quantity  of  elastic  tissue,  and 
a  greyish  fluid  resembling  chyme,  were  found  in  the  stomach. 
After  the  secretion  bad  fallen  very  low,  fifteen  grains  (about 
thirty  drops)  of  croton-oil,  in  sixty  minims  of  almond-oil,  were 
injected  directly  into  the  duodenum  (at  c,  Fig.  3).  The  dose 
was  a  large  one,  but  not  so  large  nor  yet  so  small  as  the 
quantities  given  by  Hbhrig.      After  half-an-hour,  the  fall  in 

Fig.  5. 
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the  bile-secretion  was  arreted,  and  a  slight  riae  took  plaooL 
Toirarda  the  close  of  the  experitneDt  the  pulse  became  ex- 
tremely weak. 

AnroPSY". — The  mucous  membrane  of  the  upper  three- 
fourtha  of  the  small  intestine  was  intensely  red,  especially  in 
the  duodenum,  the  colour  of  which  resembled  that  of  claret. 
There  was  evidence  of  impending  puigation  in  the  small  intes- 
tine. The  weak  pulse  at  the  close  of  this  experiment,  together 
with  the  violent  intestinal  irritation,  suggested  that  the  collapse 
had  been  occasioned  by  the  drug,  and  that  a  smaller  dose 
should  be  given  in  the  next  experiment 

Experiment  4,  Dog  weighing  5.9  kilogrammes. — This 
animal  had  refused  almost  all  food  for  nearly  tvo  days.  Six 
gTEuns  of  cToton-oil  in  sixty  minims  of  almond-oil  were  injected 
into   the   duodenum    (c.  Fig.  4).     No  increase  of  the  biliary 

Fig.  4. 


secretion  followed.  The  pulse  became  bo  weak  that  the  ex- 
periment was  ended  two  hours  and  a  half  after  the  oil  was 
.  given. 

Adtopst. — ^The  oil  had  found  its  way  into  the  stomach. 
The  gastric  mucous  membrane  was  of  a  claret  colour.  There 
wna  slight  redness  of  the  duodenum,  but  no  evidence  of  pur- 
gative action. 

Esrperiment  5.  Dog  weighing  3.1  kilogrammes. — In  this 
experiment,  only  three  grains  of  croton-oil  in  sixty  mioims  of 
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almood-oil  were  injected  into  the  duodeDiim.  A  decided  in- 
crease in  tbe  biliaiy  secretion  b^ui  within  an  hour  after  the 
injection.  The  secretion  soon  reached  a  maximum,  and  then 
fell  in  the  course  of  two  hours  to  the  same  level  as  before  the 
injection.     (Fig.  6.) 

Fig.  B. 


AuTOPST, — A  portion  of  the  oil  was  found  in  the  stomach, 
and  another  portion  half  way  down  the  small  intestine.  The 
gastric  mucous  membrane  was  intensely  red.  There  were 
patches  of  slight  redness  here  and  there  in  the  duodenum.  No 
evidence  of  purgative  action. 

These  experiments  led  us  to  doubt  the  great  potency  of 
croton-oil  as  a  chol^ogue ;  and,  seeing  that  probably  no  one 
would  think  of  giving  this  irritant  for  the  purpose  of  stimu- 
lating the  liver,  we  laid  it  aside. 

Action  of  Podophtlline. 

Experiment  6.  Dog  weighing  15.3  kil<^rammes. — The 
secretion  of  bile  fell  very  gradually  (Fig.  6).  Ten  cubic  centi- 
meters of  water  were  injected  into  the  duodenum  at  w.  There 
being  no  apparent  effect,  100  cc.  were  injected  at  w'.  The 
slight  rise  in  secretion  that  ensued  at  the  end  of  an  hour  may 
have  been  owing  to  this ;  but  it  is  not  likely,  seeing  that  water 
is  absorbed  with  rapidity.  At  p,  ten  grains  of  podopfaylline, 
suspended  in  10  cc.  water,  were  injected  into  the  duodenum ; 
and  it  is  probable  that  the  rise  in  secretion  two  hours  after- 
wards was  due  to  the  podopbylline. 

AuTOFST. — ^The  mucous  membrane  of  the  duodenum,  and 
to  a  slight  extent  below  it,  was  very  vascular,  and  this  part 
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BcoretioD  of  bile  in  a  dog  tfast  had  taiited  Dinsteen  honn.  w,  16  ee.  of  waUr; 
»',  100  00.  of  water ;  p,  ten  gniiw  of  remna  podophjlli  in  10  oo.  of  water 
iujeeted  into  daodBoom. 

of  the  intestine  contiuned  a  considerable  quantity  of  a  slightly 
brown  fluid,  thereby  affording  evidence  of  a  purgative  effect. 

Experiment  7.     Small  Dog. — Eight  gruns  of  podophylline 
in  10  cc.  of  water  were  injected  into  the  duodenum  (p,  Fig.  7). 

Fig.  7. 


Before  this,  the  bile-secretion  was  low,  and  remarkably  regular. 
The  distinct  rise  in  the  secretion  an  hour  after  the  injection 
was  probably  owing  to  the  podophylline,  but  the  experiment 
was  not  continued  sufficiently  long  to  show  the  fnll  effect.  At 
death,  there  was  increased  redness  of  the  duodenal  mncous 
membrane,  but  no  distinct  evidence  of  purgative  action. 

Experiment  8.  Small  Dog. — Eight  grains  of  podophylline 
in  25  cc.  of  water  were  injected  into  the  duodenum  {p,  Fig.  8). 
The  subsequent  increase  in   the  biliary   secretion   was  most ' 
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marked  about  four  houvg  sfter  admioistration,  but  by  the  end 
of  Uie  sixth  hour  the  effect  had  greatly  dimisished. 

AuTOPST. — The  upper  part  of  the  snail  iotestine  contained 
a  Tiflcous  brownish  fluid.  As  the  small  quantity  of  water  in^ 
jected  had  probably  been  absorbed,  the  inteetiDal  contents  were 
regarded  as  distinct,  though  not  abundant,  evidence  of  purga- 
tive action.  The  mucous  membrana,  to  the  extent  of  about 
eighteen  inches  below  the  pylorus,  was  extremely  vascular. 
The  remmnder  of  the  intestine  was  pale.  A  small  quantity  of 
mucus  was  found  in  tbe  stomach,  the  mucous  membrane  of 
which  was  pale. 

Experiment  9.  Dog  weighing  6.6  kilogrammeB.— Six  gnuns 
of  podophylliue  in  9  cc.  of  water  injected  into  the  duodenum 
{p,  Fig,  9).    The  subsequent  rise  in  the  bile-secretion  is  very 

Kg.  ». 
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aud  four  hours  after  the  adrainistration  of  the  podophylline. 
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As  in  the  previous  case,  the  effect  on  the  liver  had  very  greatly 
diminished  by  the  end  of  the  sixth  hour  after  administration. 

Autopsy. — ^There  was  distinct,  though  not  abundant,  evi- 
dence of  purgative  action  in  the  small  intestine,  and  decidedly 
increased  vascularity  of  the  mucous  membrane  in  its  upper 
two-thirds;  nothing  remarkable  in  the  stomach  or  large  in- 
testine. 

Probably  every  one  will  be  struck  by  the  slowness  and  the 
small  extent  of  the  purgative  action  in  these  experiments, 
notwithstanding  the  large  doses  of  podophylline.  That  this 
was  owing  to  the  insolubility  of  podophylline  in  water  is  pro- 
bable, from  the  two  following  experiments.  Zwicke,  Hagentom, 
and  E5hler  having  shewn  (Eraser's  Report,  Jimmal  of  Anatomy 
and  Physiology,  v.  p.  393)  that  convolvulin,  elaterin,  and  some 
other  substances  have  no  purgative  action  unless  they  come  in 
contact  with  bile — ^which,  therefore,  appears  to  be  a  solvent  for 
them — ^it  occurred  to  us  that  the  tardy  action  of  the  podo- 
phylline might  be  owing  to  the  non-entrance  of  the  bile  into 
the  intestine.  Accordingly,  in  the  next  experiment*  the  podo- 
phylline was  suspended  in  bile. 

Experiment  10.  Dog  weighing  11  kilogrammes. — 12.2cc. 
bile  injected  into  duodenum  (6,  Fig.  10).  Unfortunately,  there 
is  a  hiatus  in  the  curve  immediately  before  the  injection,  owing 
to  a  loss  of  the  bile ;  nevertheless,  it  is  evident  that  increased  bile- 
secretion  followed  the  injection  when  the  biliary  flow  had 
become  fairly  constant.  Nine  grains  of  podophylline,  triturated 
io  a  mortar  with  12cc.  bile,  were  injected  into  the  duodenum  (p). 
A  rapid  increase  in  the  bile-secretion  ensued  ;  but  soon  it  dimi- 
nished, and  three  hours  after  the  injection  it  was  lower  than  it 
had  ever  been.  In  this  remarkable  experiment,  therefore,  the 
diminvtion  of  bile-secretion  after  podophylline  was  far  more 
remarkable  than  its  increase ;  indeed,  the  increase  might  pos- 
sibly have  been  owing  to  the  injected  bile,  and  not  to  the 
podophylline.  Towards  the  close  of  the  experiment,  the  pulse 
became  weak,  but  not  excessively  so. 

Autopsy. — Mucous  membrane  of  stomach  and  whole  length 
of  small  intestine  intensely  red.  The  small  intestine  contained 
It  lai^e  quantity  of  fluid.     The  large  intestine  contained  a  con- 
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aiderable  quantity  of  liqaid  fscal  matters.  There  was,  there- 
fore, abuDdant  evidence  that  excessive  purgatiou  was  immiDent. 
In  this  experiment,  the  intestinal  irritation  and  the  pur- 
gative effect  were  far  greater  than  they  were  in  any  of  the 
previous  experiments  with  podophylline,  and  it  is  evident  that 
the  principal  change  in  tlie  bile-secretion  was  diminution.  It 
therefore  appeared  that,  with  a  powerful  solvent  such  as  the 
bile,  nine  grains  of  podophylline  produced  a  too  violent  effect 
upon  the  alimentary  canal.  The  previous  experiments  having 
shown  that,  with  a  slighter  action  on  the  intestine,  there  was  a 
more  powerful  action  on  the  liver,  suggested  that  with  a  smaller 
dose  of  podophylline  given  in  the  biliary  solvent,  an  action  on 
the  liver  would  be  evident,  and  that  this  would  follow  the 
injection  more  speedily  than  it  had  done  in  the  experiments 
where  the  podophylline  was  not  given  in  a  state  of  solution. 
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SMsraUot)  of  bile  in  B  dog  that  had  tutsd  uiMteen  honra.  6  eo.  bils  and  6  m. 
watei  iDJected  into  daodenum  at  b  and  V.  Four  grains  podophylline  in 
6  CD.  bile  and  6  eo.  water  injeotad  at  p. 
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The  next  experiment  realised  this  anticipation  in  a  very  striking 
manner. 

Experiment  11.  Dog  weighing  17.1  kilogrammes.^ — The 
bile-secretion  was  about  2  cc.  per  fifteen  minutes  before  injection 
into  the  duodenum  of  6cc.  bile  and  6cc.  water  (6,  Fig.  11). 
The  subsequent  increase  af  secretion  was  trivial.  An  hour 
after  this,  four  grains  of  "podsphjlline,  in  the  same  quantity  of 
bile  and  water,  were  injected  (/>).  About  half  an  hour  after- 
wards, a  great  acceleration  of  the  biliary  flow  began,  and  lasted 
about  an  hour.  In  one  of  the  periods  of  fifteen  minutes,  no  less 
than  5.8  cc.  bile  were  secreted ;  a  quantity  never  noticed  in  any 
other  experiments  even  on  larger  dogs.  When  this  great  hepatic 
excitement  had  disappeared,  6oc.  bile  and  6cc.  water  were 
again  injected  (&'),  as  in  the  first  instance.  The  fall  in  the 
secretion  was  for  a  time  arrested ;  but  within  three  hours  after 
the  administration  of  the  podophyllifie,  t^e  action  of  the  liver 
had  almost  entirely  ceased.  The  pulse  was  weak,  but  not 
extremely  so. 

Autopsy. — ^The  mucous  membrane  of  the  duodenum  was 
intensely  vascular,  but  that  of  the  remainder  of  the  small  in-* 
testine  did  not  show  an  increased  vascularity  nearly  so  great  as 
in  the  previoas  experiment.  The  upper  three-fourths  of  the 
small  intestine  contained  very  decided  evidence  of  purgative 
effect.  The  gastric  mucous  membrane  had  a  dull  red  ap- 
pearance. 

Experiment  12.  Dog  weighing  7.9  kilogrammes. — In  this 
case,  0.6  cc.  bile  and  2.5  cc.  water  were  injected  into  the  duo- 
denum (6,  Fig.  12),  without  producing  any  noteworthy  effect. 
The  same  quantity  of  bile  and  water,  containing  one  grain  of 
podophylline,  was  then  injected,  and  the  dose  was  twice  re- 
peated {p,p\p")'  After  the  first  dose,  an  increase  in  the 
biliary  secretion  was  perceptible  in  half-au-hour ;  it  never  be- 
came very  marked,  and  it  lasted  only  about  an  hour.  The 
second,  but  especially  the  third  dose,  was  followed  by  a  fall  in 
secretion,  probably  owing  to  purgative  action  taking  place. 

Aittopsy. — ^Evidence  of  severe  irritation  of  mucous  mem- 
brane of  upper  half  of  small  intestine.     Decided  evidence  of 
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BteratiOfi  of  bile  in  a  dog  that  had  (aetod  eighteen  boon.  0.6  ee.  bile  and 
3.G  oo.  water  injeeted  into  doodennm  at  b;  the  same,  together  with  on« 
grain  podc^jUiiM^  iujeoted  at  j),  p",  andp". 

purgation  in  this  portion  of  intestine.     Lower  part  of  gmall 
intestine  almost  quite  empty  and  diy. 


Composition  op  Bile  before  and  after  FoDOFHTLLmE. 

The  next  question  to  be  answered  was  evidently  tliis :  Is  the 
increase  in  the  quantity  of  bile,  after  podophylline,  merely  due 
to  an  increase  of  water,  or  are  the  bile-sohds  also  increased  1 
The  bile  secreted  by  dog  11,  between  the  second  hour  and  a  half 
and  the  third  hour,  and  that  secreted  an  hour  and  a  quarter 
after  the  administration  of  podophylline,  were  analysed  with 
the  following  results.     (Table  II.) 

TABLE  n.—Podophymnt. 


Ezperiment  11. 

Before. 

After. 

Water        

MnoM         

Uh 

90.83 
7.76 
1.00 
0.43 

91.07 
7.84 
O.«0 
0.49 

100.00 

100.00 

Telodty  of  Kwretion  per  half-hour       

4.6  00. 

9.6  00. 

It  thus  appears  that,  notwiUistanding  the  great  velocity  of 
tale-formation,  the  special  bile-solids  were  not  diminished;  the 
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only  noteworthy  diminution  being  in  the  amount  of  mucus. 
This  remarkable  result  was  confirmed  by  the  following  analysis 
of  the  bile  in  Experiment  12.  The  table  shows  the  compo* 
sition  of  the  bile  secreted  before  and  during  the  increase  of  the 
secretion  after  the  podophylline  was  given. 

TABLE  JSL-^PodophylUne. 


Experiment  12. 

Before. 

After. 

tT  KWIa                •••               •••               ••■                ■••               •■•               ••* 

Bile-aeidfl^  pigments,  fats,  eholesterine 

Mqoiis          ...          ...          ...          ...          ... 

ABB...             ...             .••             ...             •••             ...             ... 

4.66 
0.78 
0.85 

94.S8 
4.68 
0.70 
0.84 

100.00 

100.00 

Yelodty  of  secretion  per  half -hour       

1.86  oe. 

9.47  CO. 

BesuUa  of  the  ExperimenU  mOi  Podophylline. — 1.  Podo- 
phylline,  when  injected  into  the  duodenum  of  a  &sting  dog, 
increases  the  secretion  of  bile*  It  is  inferred  that  the  increased 
biliary  flow  in  the  preceding  experiments  was  due  to  increased 
secretion,  and  not  merely  to  envision,  because  the  gall-bladder 
had  been  wellnigh  emptied  by  compression,  and  the  cystic  duct 
had  been  clamped :  moreover,  the  increased  flow  was  far  too 
prolonged  in  some  of  the  experiments  to  be  attributable  to 
spasm  of  the  laiger  bile-ducts ;  therefore  an  increase  in  secre- 
tion must  have  been  the  cause.  2.  When  the  bile  is  prevented 
from  entering  the  intestine,  podophylline  acts  less  powerfully 
and  less  quickly  than  when  bile  is  introduced.  3.  Augmenta- 
tion of  the  biliary  secretion  is  most  marked  when  the  purgative 
effect  is  not  severe;  indeed,  if  the  purgative  effect  be  very 
decided  {Eaq^eriment  10),  diminution  and  not  augmentation  of 
the  biliary  secretion  may  be  the  chief  result.  4.  Podophylline 
purgation  is  apparently  due  to  a  local  action,  for  the  irritation 
of  the  intestinal  mucous  membrane  extends  gradually  bom 
above  downwards.  5.  The  bile  secreted  under  ^e  influence  of 
podophylline,  although  it  may  be  in  increased  quantity,  con- 
tains as  much  of  the  special  biliaiy  matter  as  bile  secreted 
under  normal  conditions. 
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Action  of  Aloes. 

Although  aloes  has  been  found  by  Bofarig  to  accelerate  the 
biliary  eecretion,  we  were  anxious  to  compare  its  action,  as  ascer- 
tained by  our  method,  with  that  of  other  substances;  and  we 
also  desired  to  know  the  eemposilion  of  the  bile  secreted  before 
and  after  its  administration. 

Experimem  13,  Dog  weighing  8,6  kilogrammes. — Sixty 
grains  aqueous  extract  of  Socotiiine  aloes  in  12  cc  water  were 
injected  into  the  duodenum  (a.  Fig.  13).  A  decided  increase  in 
the  biliary  secretion  was  perceptible  within  half-an-hour  there- 
after.   After  attaining  a  maximum  «,bout  an  boor  and  a  half 

Tig-.  13. 


after  the  administration  of  the  drug,  the  secretion  gradually 
fell;  but  although  the  experiment  was  continued  for  seven 
hours  after  the  aloes  was  given,  tbe  effect  had  not  disappeared. 

Autopsy. — ^The  aloes  had  extended  along  two-thirds  of  the 
small  intestine,  which  contuned  about  an  ounce  and  a  half  of 
viscous  fluid  as  the  only  evidence  of  purgation.  There  was  a 
decided  increase  in  the  vascularity  of  the  mucous  membrane  in 
this  part  of  the  intestine.  The  stomach  contained  a  little 
mucus.     Its  mucous  membrane  was  pale. 
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Esperimmt  14.  Dog  weighing  5  kilogrammes. — Sixty 
graioB  extract  of  Socotrine  aloes  in  12  oc.  water  were  injected 
into  the  dDodeDom  (a,  Fig.  14).    As  in  the  prerioiis  exp^- 


ment,   the   tubeeqaeot  increase   in   the  biliary  secretion   was 
decided  within  half-an-hour,  and  became  very  strongly  marked. 

AUTOPST.— The  aloes  had  «]itended  half  way  down  the 
nnall  intestina  This  portion  of  intestine  conttuned  about  two 
ooncea  of  tibcoos  fluid;  and  its  mucous  membrane,  together 
with  that  c^  the  stomach,  was  intensely  red. 

£xp«nmsnt  15,  D<^  weighing  9.5  kilogrammes. — In  this 
experiment,  it  was  proposed  to  test  the  e&ct  of  aloes  on  the 
Fig.  1:6. 


BtmiHaa  ot  tola  In  *  dog  that  had  futad  df^teen  boun.  Twentj  ertim  w 
ftloM  Boe.  In  S  <M.  w»ter  Injeotod  at  a  and  at  a',  (The  earn  dnring  t 
flnt  thiM  hooia  ii  omUtod.) 
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liver  wh^n  w^H-nigh  exhausted:  accordingly,  at  the  sixth  hour 
ef  an  experiment  on  a  dog  that  had  fasted  the  usual  period  of 
eighteen  hours^  twenty  grains  extract  of  Soootrine  aloes  in  5cCi 
water  were  injected  into  the.  duodenum  (a,  Fig.  15),  and  this 
dose  was  repeated  in  half*an-hour.  The  secretion  of  bile  was 
increased,  but  the  effect  was  not  very  marked;  nevertheless,  the 
result  is  noteworthy,  seeing  that  in  this  case  there  was  a  great 
secretion  of  bile  during  the  first  four  hours  of  the  experiment. 
(Fig.  15.) 

Composition  of  the  Bile  before  and  after  Aloes* — ^Table  rv 
shows  the  results  of  the  analysis  of  the  bile  in  Experiment  IS, 
secreted  before  and  during  the  first  two  hours  after  the  adminis- 
tration of  the  aloes. 

TABLE  IV.-^illoeff. 


Experiment  18. 

Before. 

After. 

»¥  HMpa                 «••               •«•               •••               «•%               •••               ••• 

Bile-aoids^  pigments,  bholesterine,  fat 

Mtk^us        •••        •••        «••        •••        ••«        ••• 

mX yiii  •••           ••■           •••           •••           «••           ••«           ••  > 

84.11 

12.45 

1.77 

1.67 

91.44 
7.58 
0.88 
0.65 

•  tf 

100.00 

100.00 

Velocity  of  Beoretion  per  half -hour 

1.5  eo. 

2.65  00. 

Table  v  gives  the  result  of  the  analysis  of  the  bile  before 
and  after  the  administration  of  aloes  in  Experiment  14. 


TABLE  V.~^lo«f. 


Experiment  14, 

Before, 

After, 

w  Acer          .*•         *•.         ••         ««•         ...         ... 

Bile-aoidfl,  pigments,  eholesterme,  fat 

2&noQS        •..        ••.        .*•        ...        ...        ... 

^■HXI  ••*              ...              ...              ...               .».              ...              ... 

88.98 

12.80 

2.74 

1.03 

86.75 

10.79 

1.49 

0.97 

100.00 

100.00 

Velocity  of  secretion  per  half -hour 0.66  ec. 

2.2  00. 

It  is  evident  from  Tables  IV  and  V,  that,  under  the  influence 
of  aloes,  the  bile  became  more  watery;  nevertheless,  the  amount 
of  bile-solids  secreted  per  unit  of  time  increased. 
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SesuUa  of  ExperimentB  with  Aloet. — 1.  Sixtj  graina  of  the 
extract  of  Socotrine  aloes,  vhen  traced  in  tlie  duodenum,  power- 
fully Btimulated  the  liver.  2,  Under  ita  infineoM  the  liver 
excreted  a  greater  quantity  of  biltaiy  matter  in  a  giren  time, 
although  the  bile  was  rendered  more  watery.  3.  Cmncident 
with  the  marked  action  on  the  liver,  there  was  only  a  slight 
purgatiye  action. 


AcmoH  OF  Rhubaeb. 

The  following  experiments  show  that  rhubarb  is  also  a  very 
remarkable  hepatic  stimulant.  The  ordinary  infusion  of  the 
BrUiah  NtarmacopcBia  was  made  with  Indian  rhubarb;  it  was 
then  filtered  and  oonoentrated  until  5  cc  contained  the  active 
part  of  seventeen  grains  of  rhubarb.  This  wan  the  dose  em- 
[doyed. 

Experiment  16.  Dog  weighing  22.2  kUogrammea. — 5cc.  of 
the  above  infusion  of  rhubarb  were  injected  into  the  duodenum 
four  times  in  succession  (r,  r',  r",  r'".  Fig.  16).  Within  half-an- 
hour  after  every  doee  there  was  an  iDcrease  in  the  biliary  secre- 
tion. 

Fig.  18. 
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;  ADTOPsT.^The  rhubarb  had  eztended  along  aboot  a  third 
of  tiier  small  intestme.  There  was  do  unusual  redness  of  the 
mucous  membrane,  and  there  was  only  slight  evidence  of  purga- 
tive Action. 

ExperimefU  17.  Dog  weighing  13.4  kilogrammes. — The 
ftiiJScial  respiration.  Which  was  deficient  at  the  commencement 
of  this  experiment,  was  improved  at  a,  Fig.  17.'  This  was  fol' 
lowed  by  an  increase  in  the  secretion  of  short  duration :  5  co.  of 
the  same  infusion  of  rhubarb  as  that  used  in  the  previous  expe- 
riment were  injected  into  the  duodenum'  three  times  in  sue- 
oeaaioD  (r,  /^  r".  Fig.  17).  The  biliaiy  secretion  Was  augmented 
within  ha^^n-hour  afler  each  injection. 


BMMti<ai  of  bile  in  a  dog  tbat  had  fasted  eighteen  bonn.  Bespintion  impmred 
at  a.  B  00.  ooooenteated  infiuion  of  rimborb  iojeoted  into  duodeniun  at 
r,  f',  and  t'. 

Atttopst. — The  rhubarb  had  extended  along  four-fiiUis  of 
the  smalt  intestine.  There  was  no  unusual  redness  of  the  mu- 
cous membrane.  The  portion  of  intestine  through  which  the 
rhubarb  had  extended  contained  120  cc.  of  a  thick  yellowish 
fluid :  there  was,  therefore,  decided  evidence  of  puigative  action. 

Experiment  18.  Dog  weighing  22.7  kilogramme& — In  this 
experiment  it  was  proposed  to  test  the  action  of  rhubarb  upon 
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the  exhausted  liver.  The  artificial  respiration  being  defective 
at  the  comtnenceineat  of  the  experiment,  was  improved  at  a, 
Fig.  18.    At  the  middle  of  the  fourth  hour  a  remarkalde  in- 


Seoretion  of  bila  in  a  dog  thai  had  f(i«ted  eighteen  hmrR,  BeBpiTBtion  improTD^ 
at  a.  10  c«.  ot  the  ooncentrated  infoaion  ol  rhubaib  injected  intu  dnod»- 
nnm  at  r;  and  6  co.  at  r"  and  r". 

crease  of  secretion  took  place,  and  laated  for  two  hours.  The 
cause  of  this  was  not  apparent  until  it  was  observed  that  a 
warm  July  sun  shone  full  upon  the  abdomen,  from  the  middld 
of  the  fourth  to  the  middle  of  the  sixth  hours  of  the  experi- 
ment: the  increase  in  the  secretion  was,  therefore,  probably  due 
to  a  rise  of  temperature ;  5  cc.  of  the  coucentrated  infusion  of 
rhubarb,  given  in  the  previous  experiment,  were  injected  into 
the  duodenum  three  times  in  succession  (r,  r',  r"),  and,  notwith- 
standing  the  very  high  secretion  shortly  beforehand,  the  rhu- 
barb increased  it  still  further. 

Autopsy. — ^Tbe  rhubarb  had  extended  along  two-thirds  of 
the  small  intestine.  There  was  no  unusual  voaciUarity  of  their 
mucous  membrane.    The  upper  portion  of  the  intestine  con- 
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tabled  87  ca  of  a  yellowish-green  liquid,  whereas  only  20  oc.  of 
water  had  been  injected*  Purgation  had,  therefore,  evidently 
been  produced. 

In  these  three  experiments,  it  appears  that  an  infusion  of 
seventeen  grains  of  rhubarb  was  given  nine  times,  and  on  one 
occasion  twice  this  quantity,  and  that  none  of  these  doses  ever 
failed  to  increase  the  biliary  sck^retion  within  half-an-hour  after 
administration.  The  amount  of  water  given  was  so  trivial  that 
itiB  effect  may  be  entirely  disregarded.  It  is  to  be  noted,  that 
the  excitement  of  the  liver  produced  by  rhubarb  was  accom- 
panied by  far  less  intestinal  irritation  than  was  the  ciase  with 
podophylline  and  aloes, 

Compasitum  of  the  BUe  before  and  after  Rhubarb. — ^The  bile 
secreted  before  and  after  the  administration  of  rhubarb  in  all 
the  three  experiments  was  analysed.  Tables  Yi,  Yii,  and  vin 
show  the  result. 


TABLE  YL—Rkubarb, 


Experiment  16. 

Before, 

After  the 
seoond  doee. 

At  the  dose 

of  the 
Experiment, 

▼v  nM3&                                    9»a                           9%9                          •••                           ••■ 

Bile-acids,  pigments,  oholesterine, 

and  tsX 
Iffne"" 

*"*'"^"*^                    •••                •••                •••                ••• 

88.80 

9.60 
1.00 
0.60 

89.28 

9.60 
0.60 
0.63 

88.98 

9.60 
0.S0 
0.63 

• 
t 

100.00 

100.00 

100.00 

Yelooity  of  bile-seeretion  per  half- 

nOUF              a..                     .,»                     a. a                     aaa 

1.9  oe. 

S.95  eo. 

S.55  00. 

From  the  foregoing  analysis,  it  appears  that  the  percentage 
amount  of  the  special  biliary  matter  was  not  diminished  by  the 
action  of  rhubarb,  although  there  was  so  great  an  increase  in 
the  amount  of  bile.  This  result^  which  corresponds  to  that  ob- 
served in  the  case  of  podophylline,  is  confirmed  by  the  following 
analyses. 
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TABLE  TLL—RhuhoHf. 


Experiment  17. 

Before. 

After. 

WW  BMt9X^                •••               ••«               ■•■               •••               ••• 

Bile-adds,  pigments,  eholesterine,  fat  ... 
Mneiia        ...        ...        ...        ...        ... 

^UmU   •••                •••                •••                ••*                •••                ■•• 

•  •  « 
■  ■  ■ 

•  •• 

•  •  ■ 

85.47 

11.59 

1.87 

1.07 

86.23 

11.03 

1.72 

1.02 

100.00 

r 

100.00 

Yelooity  of  bile-seoretion  per  half-dioar 

...  i            1.45  CO. 

1 

8.95  CO. 

TABLE  Vm.- 

-Rhubarb, 

Experiment  18. 

Before. 

After. 

vT  BvOJT                ■■•               •••                ■••               ■••               •«• 

Bile-acids^  pigmentB,  diolesteriney  fat ... 

AIT10118            •••            •••            •••            •>•            ••• 

^^^p^  •■•            •••            •*•            •••            •••            ••ft 

■  a  • 

•  •  • 

•  •  • 

85.85 

12.07 

1.53 

l.T)5 

85.52 
11.98     .  . 

1.49 

1.01 

) 

100.00 

lOO.OJ 

Velocity  of  bile-secretion  per  half-hour 

•  t  • 

4.32  00. 

5.87  CO. 

It  therefore  appears  that  rhubarb,  like  podophylline,  excites 
the  liver.-tp  secrete  bile  having  a  compositioa  similar  to  that 
secreted  ander  normal  conditions. 

ItesuUs  of  Experiments  with  Rhuharh. — 1.  An  infusion  of 
seventeen  grains  of  Indian  rhubarb,  when  placed  in  the  duode- 
num, never  failed  to  increase  the  secretion  of  bile.  2.  The 
bile,  although  secreted  in  increased  quantity,  had  the  compo- 
sition of  normal  bile  as  regards  the  biliary  constituents  proper. 
3.  The  doses  which  so  powerfully  excited  the  liver  had  in  one 
case  no  marked  purgative  effect,  but  in  other  two  cases  the  pur- 
gative effect  was  considerable. 


Action  of  Senna. 

Senna  excites  the  liver,  but  not  so  powerfully  as  rhubarb. 
The  ordinary  infusion  of  senna  of  the  British  Pharmacopma 
was  prepared  and  concentrated  until  5  cc.  contained  the  active 
part  of  forty-five  grains  of  senna ;  a  small  dose  for  a  man. 

Experiment  19.  Dog  weighing  22.3  kilogramme, — 5  cc.  of 
the  concentrated  infusion  of  senna,  prepared  as  above,  were  inj 
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jected  ioto  the  duod^unm  twice  in' succession  («  and  a',  Hg.  19). 
After  the  second  dose  the  secretion  rose  rapidly,  bat,  unhappily, 
the  animal  died  ttom  flSphy^i^  oviaig  to  the  accidental  closure 
of  the  expiration  aperture  <^  the  bellows-tube. 

Experiment  2(X  Dt^  weighing  8  kilogrammea. — 5  ac  of  the 
aboTe>mentioned  concentrated  infusion  of  senna  were  injected 
into  the  duodenum  fire  thaw  in  Boccesdon  {a,  a',  «",  a'", «",  Fig. 
20).    The  secretion  of  bile  rose  rapidly  alter  the  seoond  dow^  aa 


in  the  previous  ezperimentr  but  it  soon  fell  again;  and  the 
third,  fourth,  and  fifth  doses  did  not  increase  it, 

ADTOPSr. — The  senna  had  extended  along  three-fourths  of 
the  smiUl  intestine,  which-  contained  SO  cc.  of  liquid.  Seeing 
that  the  amount;  of  fluid  injected  was  25  cc,  considerable  purga^ 
tion  had  been  produced.  There  was  a  considerable  increase  in 
the  vascularTty  of  the  duodenad  mucoos  membrane,  but  else- 
Trhere  there  wasco'uQUJraal  redbess: 
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It  appears  fiotn  this  experimcDt  tliat^  although  the  amount 
of  senna  given  was  sufficient  to  distinctly  act  on  the  intestine, 
it  did  not  produce  any  very  marked  effect  on  the  liver.  The 
puTgative  effect  was  greater  than  in  the  case  of  rhubarb,  in 
Experiment  16,  but  less  tliau  in  Experiments  IT  and  18.  Hov- 
ever,  the  effect  oa  the  fiver  was  lesff  than  in  all  the  rhubarb 
experimental 

Experimtnt  21.  Dog'  weighing  5  kilogrammes. — In  this 
case  it  wafl  proposed  to  test  the  action  of  seima  on  the  exhausted 
liver.  Accordingly,  at  Che  middle  of  t^e  eighth  hour  of  an  ex- 
periment oa  au  animal  that  had  fasted  for  the  usual  period  of 
eighteen  hours,  7  cc.  of  »  cbncentrated  infiuion,  containing  the 
active  part  of  ninety  grains  of  senna,  were  injected  into  the 
duodenum  twice  in  euccessron'  (r  and*  «',  Fig.  21).  Mo  note- 
worthy effect  on  the  biliary  secretfon  emtled^ 

Fig.  31. 


Adtopst. — The  Benn»  had"  extend'eJ  half-way  along  the 
small  intestine,  which  contained  abouC  an  ounce  of  viscous  fluid, 
thus  affording  slight  evid'enca  of  purgative  action. 

B6brig,  from  some  experiments  with  rhubarb  and  senna 
(ISk  cit,  p.  253),  concluded  that  fn  their  activity  as  chola- 
gogues  they  stand  much  on  the  same  level ;  and,  although  far 
inferior  in  power  to  aloes,  their  infusions  are  nevertheless  more 
powerful  than  water.  The  defective  method  of  experiment  em- 
ployed by  him  is  the  probable  cause  of  this  statement.  The 
estimate  of  the  action  of  senna  is  indeed  con-ect ;  but  the  fore- 
going experiments  show  that  rhubarb  lidds  a  much  more  im- 
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portant  rank  as  a  hepatic  stimulant  than  senna,  and  this  is  still 
further  seen  when  we  compare  the  analysis  of  the  hile  before 
and  after  senna  with  that  of  the  bile  before  and  after  rhubarb. 


TABLE  IX.— ComiKMttton.o/ 

BUe  before 

and  after  Senna, 

Experiment  20. 

Before. 

After. 

V*  ttvtSA                       ««■                     t  m  m                     •••                     ■••                     ■■■ 

Bile-aoidfl,  pigmentsi  cholesterioe,  iat ..: 
Jxncus        ...        ...        ...        ...        ... 

■■"H  .••         ...          ...          ...          ...          ... 

•  •• 

•  •  • 

•  ■  • 

90.68 
7.20 
1.80 
0.87 

91.81 
6.76 
1.20 
0.74 

100.00 

100.00 

Velooity  of  bile-secretion  per  half -hoiir 

•  •■ 

0.82  eo. 

1.186  00. 

It  appears  from  this  analysis,  and  from  the  velocity  of  secre- 
tioUy  that  although  senna  causes  the  liver  to  excrete  more 
biliary  matter,  its  power  is  far  below  that  of  rhubarb.. 

JResuUs  of  the  Experiments  with  senna. — 1.  Senna  is  a  hepa- 
tic stimulant  of  feeble  power.  2.  It  renders  the  bile  more 
watery. 

Action  of  C!olchicxtm. 

Colchicum  has  been  recommended  as  a  cholagogue  in  cases 
of  gout,  but  its  action  on  the  liver  has  not  hitherto  been  tested 
by  direct  experiment 

r  Ea^i>eriment  22.  Dog  weighing  23.5  kilogrammes. — Sixty 
grains  of  the  aqueous  extract  of  colchicum  of  the  British  Phar- 
macaposia  in  10  cc.  of  water  were  injected  into  the  duodenum 
(c,  Fig,  22).  In  an  hour  the  biliary  secretion  began  to  increase, 
ismd  five  hours  after  the  injection  it  was  nearly  five  times  more 
than  before  the  drug  was  given.  The  secretion  then  fell,  and 
just  at  the  close  of  the  experiment  a  large  quantity  of  liquid 
faeces  was  discharged. 

Autopsy. — Great  vascularity  of  upper  four-fifths  of  the  mu- 
cous membrane  of  the  small  intestine.  The  vascularity  of  the 
duodenum  was  intense.  The  mucous  membrane  of  the  large 
intestine  was  also  unusually  vascular.  The  gastric  mucous 
membrane  was  pale.    There  was  evidence  of  considerable  hy- 
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drocatharsis  io  tbe  small  intestine.     The  large  intestine  was 
empty,  owing  to  the  recent  diachai^  of  fecal  matter. 

Experiment  23.  A  somewhat  weak  dog,  weighing  7  kilo- 
grammes.— Twenty  grains  of  aqueous  extract  of  colchicum  in 
5  cc,  of  water  injected  into  duodenum  (c,  Fig.  23).     The  effect 

Pig.  9S. 


on  the  biliary  secretion  was  evident  at  the  end  of  an  hour ;  hut 
throughout  the  whole  experiment  the  animal  secreted  only  a 
small  quantity  of  bile,  and  by  the  fifth  hour  the  pulse  was  so 
vreak  that  the  experiment  was  closed. 
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Autopsy, — ^There  was  somewhat  increaaed  vascularity  of 
the  mucous  membrauo  ia  the  upper  foui-th  of  the  email  iutes- 
tine.     There  was  no  distinct  evidence  of  purgative  action. 

Uxperitn^it  24.  Di^  weighing  9.9  kilogrammes. — Forty 
gruns  of  aqueous  extract  of  culchicum  in  8  cc.  of  water  injected 
into  duodentim  [c.  Fig.  24).     The  effect  on  the  bile-secretioa 


Seeretiim  of  bile  in  b  dng  fad  on  liver  fifteen  hoora  before  the  experiment  began, 
bat  food  was  still  fonnil  in  the  itomooh  at  tile  eloie.  Fortr  grsini  of 
■qneons  eitraot  ol  eolahioiun  in  B  oo.  of  water  injected  into  duodeniun  at  e, 

was  not  very  marked ;  for,  although  after  the  lapse  of  an  hour, 
the  falling  of  the  secretion  was  arrested,  it  did  not,  under  the 
influence  of  the  colchicum,  rise  to  any  very  notable  height.  At 
the  close  of  the  experiment,  a  quantity  of  partially  digested 
food  was  found  in  the  stomach.  On  this  account  it  was  impos- 
sible to  be  sure  whether  or  not  a  small  amount  of  fluid  in  the 
upper  part  of  the  small  intestine  was  due  to  cathartic  action. 
The  mucous  membrane  of  the  duodenum  was  intensely  red. 

Experiment  25.  Dog  weighing  23.6  kilogrammes, — Sixty 
grains  of  aqueous  extract  of  colchicum  in  10  cc.  water  injected 
into  duodenum  (c,  Fig.  2.i).  Although  the  biliary  flow  there- 
after  varied  so  much,  a  decided  increase  was  evident  an  hour 
and  a  half  after  the  administration  of  the  drug.  The  increase 
lasted  about  four  hours,  after  which  the  secretion  gradually  fell 
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Adtopst. — There  was  increased  vascularity  of  the  mucouii 
memtnaite  of  the  upper  three-fourths  of  the  sniall  intestine. 
The  whole  sm&ll  intestine  contained  evidence  of  powerful  ca- 
thartic action. 

These  experiments  show  that  the  aqueous  extract  of  colchi- 
cum  in  large  doses  increases  the  biliary  secretion. 

TABLE  Z.— CoMporiHm  of  the  BiU  Ufon  and  afltr  CoUliicam. 


BefoM. 

Aftar. 

W«tw        

OTguiieBil»ioUd«         

8S.4&4 
10.616 
0.860 

go.6S 
8.7S 
0.63 

100.00 

100.00 

Talooity  of  bile-Meietioti  p«r  hftlf-honr 

1.S00. 

9.34  00. 

It  appears  &om  the  above  analysis,  that  colchicum  rendered 
the  bile  more  watery;  nevertheless,  owing  to  the  increased 
velocity  of  secretion,  more  biliaiy  matter  was  excreted  by  the 
liver  under  its  influence. 

RemJia  of  Experiments  with  Cotchicum. — 1.  Sixty  grains  of 
the  aqueous  extract  of  colchicum  powerfully  excited  the  liver, 
and  produced  hydrocatharsis ;  forty,  and  even  twenty  grains, 
also  increased  the  biliary  secretion,  though  less  poVerfully. 
2,  Colchicum,  while  it  increases  the  amount  of  biliary  matter 
excreted  by  the  liver,  reoderB  tbe  bile  more  watery. 
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Action  of  TAitAXAcini. 

Ejyieriment  26.  Middle-sized  dog. — One  hundred  and 
eighty  graJQB  solid  extract  of  tarajcacum  in  25  cc.  water  injected 
into  duodenum  (t,  Fig.  26),  and  two  hours  after  this,  one  hun- 

Fi«.  SS. 


dred  and  twenty  grains  in  the  same  quantity  of  water  were 
injected  (f).  After  both  doses  there  waa  a  greater  increase  in 
the  biliary  secretion  than  was  at  all  likely  to  have  been  occa> 
sioned  by  the  same  quantity  of  water. 

AuTOPSr. — The  taraxacum  had  passed  along  nearly  the 
whole  length  of  the  small  intestine.  Most  of  the  fluid  had  been 
absorbed.     There  was  no  evidence  of  purgative  action. 

ExperirMnt  27.  Small  dog, — One  hundred  and  twenty 
grains  solid  extract  of  taraxacum  in  15  cc.  water  were  injected 
into  duodenum  (f,  Fig.  27),  and  this  dose  was  repeated  in  two 

Fig.  37. 
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aDd  a  half  hours.  The  increase  of  the  hiliary  secretion  after  the 
second  dose  was  tiiyial,  bat  after  the  first  it  waa  conuderable, 
although  of  short  duration.  Examioation  of  the  intestine  at 
death  revealed  do  purgative  actiou. 

From  these  experiments  it  therefore  appears  that  taraxacum 
is  a  very  feeble  hepatic  stimulant. 


AcnON  OF  SCAMMOKT. 

The  redn  of  scammony  being  insoluble  in  water  was  dis- 
solved in  dilute  alcohol,  and  some  bile  was  added  in  order  still 
further  to  promote  its  absorption  from  the  alimentary  canal. 

Experimgnt  28.  Dog  weighing  9.5  kilogrammes. — 2.6  cc 
bile  were  injected  into  the  duodenum  {h,  Fig.  28).    This  pro- 


duced DO  notable  effect.  Twenty  grains  scammony  resin  dis- 
solved  in  3.5  cc  recti6ed  spirit,  3  cc.  water,  and  3  cc.  bile  were 
then  injected  («),  and  this  dose  was  afterwards  repeated  («"). 
There  was  a  slight  increase  in  the  biliaiy  secretion. 

AdtOPST. — Greatly  increased  vascularity  of  the  mucous 
membrane  of  the  whole  length  of  the  sm^  intestine.  Vascu- 
larity of  gastric  mucous  membrane  also  somewhat  increaned. 
Evidence  of  severe  purgative  action  in  the  whole  extent  both  of 
the  small  and  large  intestine. 

Emperimant  29.  Dog  weighing  6.S  kilogrammes. — In  this 
experiment  it  was  determined  to  give  scammony  in  smaller 
doses,  1  oc.  hile  and  2  cc.  water  {b.  Fig.  29).    The  exact  effect  of 
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tbifi  was  not  aacertained  owing  to  the  loss  of  the  bile  secreted 
during  one  of  the  periods.  About  an  hour  after  this  0.25  cc. 
bile  0.5  cc.  recti6ed  spirit  and  1.25  cc.  water  were  injected  at  h'. 
This  having  scarcely  any  effect,  it  was  given  with  four  grains  of 
■cammony  resin  at  a,  and  again  at  a'.  The  amount  of  Rcammony 
was  doubled  and  this  dose  was  given  at  »"  «nd  a'".  There  was 
an  increase  in  the  biliaty  secretion  after  the  first  two  doses  of 
scammony,  but  after  the  third  and  fourth  the  secretion  dimin- 
iflbed. 

As  two  experiments,  not  here  reported,  in  which  alcohol  only 
was  given,  proved  that  it  certainly  does  not  augment  the  biliary 
secretion,  the  forgoing  experiment  shows  that  scammony  is  a 
hepatic  stimulant,  although  not  a  powerful  one. 

AUTOPST. — The  scammony  bad  passed  along  two  thirds  of 
the  small  intestine.  There  was  decided  evidence  of  purgation, 
but  no  remarkable  increase  in  the  vascularity  of  tiie  mucous 
membrane. 

From  the  two  for^;oing  experiments  it  appears  that  scam- 
mony is  a  cholagogue  of  feeble  power. 


Action  or  CiLOHEL. 

As  is  well  known,  Scott  {Be(d^s  Archives,  Vol.  i)  and  Hughes 
Bennett's  Committee  {Ub.  cU.)  fonnd  that  purgative  doses  of 
calomel  when  given  to  non-fasting  dogs  diminished  the  biliaty 
secretion.  Bohrig  {Hb.  di.  p.  S54f)  investigated  the  action 
of  calomel  by  hia  method,  and  he  states,  that  with  lai^ 
doses  (twenty  grains  for  a  dog)  it  rarely  happened  that  the 
secretion  of  bile  was  recalled  after  it  bad  come  to  a  standstill. 
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although  this  agent  can  increase  the  secretion  when  it  is  only 
dimioishing.  As  the  method  adopted  in  our  experiments  is 
best  calcuhtted  to  afford  accurate  data,  we  performed  the  follow- 
ing four  experiments. 

Ss^teriment  30.  Dog  weighing  19.1  kilc^rammes. — ^Ten 
grains  calomel  in  7  oc  water  injected  into  duodenum  at  c  and 
ate'.  An  increase  in  the  biliary  secretion  ensued:  thus,  during  a 
period  of  two  hours  before  the  administration  of  calomel,  the 
amount  of  bile  secreted  was  3.35  cc.:  during  the  two  hours 
immediately  following  the  firat  dose  the  secretion  rose  to 
4.25  cc,  and  during  the  two  hours  immediately  following  the 
second  doee,  it  rose  to  4.72  cc. 

Fig.  (0. 


Bewetion  ol  bile  h 
7 

AuTOPST. — The  autopsy  in  this  case  was  made  fourteen 
hours  after  death.  The  small  intestine  contained  a  large  quan- 
tity of  thick  greyish  liquid  with  green  flakes  here  and  there  on 
the  mucous  membrane,  thus  affording  evidence  of  profuse  pur- 
gative action.  The  mucous  membrane  of  the  small  intestine 
was  pale  throughout  the  greater  part  of  its  extent,  but  at  inter- 
vals in  the  upper  portion  there  was  a  limited  area  of  redness. 

Experimejit  31.  Dog  weighing  7  kil<^rammes. — ^Ten  grains 
calomel  in  4cc.  water  injected  into  duodenum  at  c  and  again  at 
c'.  Ko  increase  of  the  biliary  secretion  ensued,  but  on  the 
contrary,  there  was  a  gradual  diminution. 

AUTOPST.^The  autopsy  in  this  case  was  made  fourteen 

hours  after  death.     The  gastric  mucous  membrane  was  pale, 

and  the   stomach  contained  some  viscous  fluid  of  a  brownish 

colour,  with  a  patch  of  green  matter  clinging  to  the  mucous 

VOL.  s.  19 
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membrane  near  the  pylorus.  The  green  appearance  was  evi- 
dently due  to  mercury,  for  a  little  unchanged  calomel  was 
perceptible  at  the  margin  of  the  patch,  llie  upper  third  of  the 
small  intestine  was  aemidistended  with  a  brown  somewhat  clear 
viBCOUB  fluid  coQtfuning  patches  of  green,  thus  affording  evidence 
of  purgative  action. 

Earperiment  32.  Bog  weighing  13  kilogrammes. —  Ten 
grains  calomel  in  d  cc.  water  injected  into  duodenum  at  c  and 
agfun  at  c'  (Fig.  32),  No  augmentation  of  the  biliary  secretion 
followed. 

Pig.  33. 


«f  bile  ID  a  dog  Uiat  had  faet«d  eighteen  boars.     10  graing  aalosHl  in 
9  00.  water  iDJeeted  into  daodenum  at  e,  and  again  at  c'. 

Autopsy. — Mucous  membrane  of  upper  half  of  small  intes- 
tine extremely  vascular.   .This  portion  of  bowel  contained  a 
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large  qaaotitf  of  a  grejiah  fluid  witb  green  patches.     There 
was  therefore  evidence  of  profuse  puigative  action. 

Experiment  33.     Ting  weighing  11  kilogrammef. — In  this 

case  we  resolved  to  give  smaller  doses  of  calomel:  accordingly, 

three  gruns  of  calomel  in  3  cc.  water  were  given  four  times  in 

succession  (c  c'.  c".  c'".  Fig.  33).     Three  quarters  of  an  hour 

Pig.  t». 


after  the  fint  dose  there  was  an  increase  in  the  biliary  secre- 
tion,— of  doubtful  import  however;  for  an  increase  quite  as 
great  had  occurred  previous  to  the  administration  of  the 
calomel:  the  last  throe  doses  were  followed  only  l^  diminution. 

ACTOPST. — The  autopsy  was  made  twenty-four  hours  after 
death.  There  was  evidence  of  poweiful  purgation  io  the  whole 
length  of  the  intestine.  No  increased  vascularity  of  the  mucous 
membrane 

Compo»Uiion  ofths  Bile  be/ore  and  after  Calomel. 

TABLE  lSX.-CaUmtt 


Eip«rim«nt  S8. 

Before  It 

KWgiTell. 

After  the 
tbijrddoM. 

W«l«r        

Hneiu        

A«h 

86.00 
e.40 
4.67 
1.0S 

87.78 
7.86 
8.M 

o.« 

100.00 

100.00 

0.78  00. 

0.4  ee. 

It  therefore    appears    that    notwithstanding    the    smaller 
amount  of  bile  secreted  after  the  third  dose  of  calomel  in  the 
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last  experiment,  its  consistence  was  rendered  more  watery. 
There  was  therefore  a  decided  diminution  in  the  amount  of 
biliary  matter  excreted  by  the  liver  during  the  calomel  purga- 
tion in  this  case, 

BesnUa  of  Eaperiments  with  Cahmel,  1.  An  increase  of  the 
biliary  secretion  followed  the  administration  of  two  successive 
doses  of  ten  grains  of  calomel  in  one  case  {Exp.  30).  Diminu* 
tion  of  the  secretion  was  the  only  result  of  the  same  doses  given 
under  similar  circumstances  in  other  two  cases  (Exps.  31  and 
32),  and  it  was  the  most  definite  result  of  the  administration  of 
four  successive  doses  of  three  grains  in  another  case  {Exp.  33). 
2.  In  aU  the  four  experiments  the  calomel  had  a  purgative 
effect  3.  Analysis  of  the  bile  secreted  during  the  calomel 
purgation  in  Exp.  33  showed  that  notwithstanding  a  diminution 
in  the  quantity  of  bile  secretedi  the  percentage  amount  of  solids 
had  become  less. 

The  fact  that  three  of  the  four  experiments  with  calomel 
indicated  no  stimulating  effect  of  calomel  upon  the  liver  sug- 
gests a  careful  scrutiny  of  the  circumstances  under  which  a 
different  result  was  obtained  in  the  first  case  {Exp.  30).  It  is 
A  noteworthy  fact  that  although  this  dog  weighed  19.1  kilo- 
grammes, while  the  others  weighed  respectively  7>  13,  and  11 
kilogrammes,  it  secreted  an  amount  of  bile  that  was  tmusually 
small  for  a  dog  of  this  size.  This  question  therefore  arises:  In 
consideration  of  the  negative  results  as  regards  the  cholagogue 
action  of  calomel  in  Exps.  31,  32  and  33,  is  it  not  possible  that 
the  increase  in  the  biliary  secrietion  observed  in  Exp.  30  might 
have  taken  place  during  the  course  of  the  experiment  had  no 
otlomel  been  given? 


AcnoN  OF  Gamboge. 

Experiment  34.  Dog  weighing  4.8  kilogrammes.-^3  ca  bile 
and  3  cc.  water  injected  into  duodenum  at  h  (Fig!  34).  Previous 
to  this  there  was,  considering  the  small  size  of  the  dog,  a  lai^ 
secretion  of  bile.  The  increased  secretion  which  followed  the 
injection  was  probably  owing  to  the  action  of  the  bile.  Twenty 
grains  of  gamboge  in  the  same  quantity  of  bile  and  water  were 
given  at  ^r,  and  forty  grains  in  the  same  fluid  at  ^.    Half  an 
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Fig.  84. 


Beoretlon  of  Ulfl  In  ft  dog  tbftt  had  tutod  dghtoen  honn.  I  oa.  bile  ud  B  m. 
wkUr  injeoted  into  dnodenuia  at  b.  SO  gruns  gamboge  at  g,  md  M  grain* 
at  g'  &  the  tame  fluid  aa  at  £,  iujeoted  into  the  dnodennm. 

hour  after  the  first  dose,  there  was  a  decided  accelerstioB  of  the 
biliary  Bow,  hut  in  an  hour 'afterwards  it  had  temporarily  sunk 
Dearly  to  zero.  If  the  mean  be  taken,  it  will  be  found  that  the 
increase  of  secretion  was  80  slight,  that  it  might  have  been  due 
to  the  bile  that  was  given  with  the  gamboge.  On  the  whole, 
therefore,  it  can  scarcely  be  said  that  the  amount  of  bile  secreted 
was  increased  by  the  gamb<^,  and  certainly  the  next  experi- 
ment lent  no  support  to  such  a  view  of  the  matter. 

AuTOPBT. — Qreat  redness  of  the  mucous  membraoe  in  the 
upper  half  of  the  small  inteatina  Evidence  of  profuse  hydro- 
catharsis  in  this  portion  of  the  gut  Some  of  the  gamboge  had 
passed  into  the  stomach,  the  mucoua  membrane  of  which  was 
somewhat  reddened. 

Experiment  35.     Dog  weighing  8  kilt^pummes. — 1  cc.  bile 

and  2  cc.  water  injected  into  duodenum  at  b  (Fig.  35).     Four 

grains  gamb(^e  in  0.2  cc.  bile  and  2  oo.  water  injected  at  ff,  g, 

and  g".    At  g'",  g'",  g'',  twice  the  amount  of  gamboge  was  given 

Fifr  35. 


Secretion  ot  bile  ii 
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in  the  same  fluid.  The  increase  of  the  bile  secreted  after  the 
fiist  dose  was  trifling.  The  chief  result  (J  the  experiment  was 
diminution  of  the  secretion. 

AnroPST. — Profuse  hydrocatharsis  in  the  Bmall  intestine. 
No  very  noteworthy  increase  in  the  vascularity  <rf  the  mucous 
membrane. 

In  Exp.  35  a  smaller  quantity  of  bile  was  given  than  in 
£aj}.  34 — in  order  to  eliminate  as  far  as  possible  its  stimulating 
.effect  on  the  liver;  35  is  therefore  a  better  experiment  than  34, 
and  it  affitrds  no  sn£Bcient  evidence  that  gamboge  is  a  hepatic 
stimulant.  It  is  interesting  to  contrast  the  negative  effect  on 
the  liver  of  this  hydrocathartic  with^the  positive  effect  of  colchi- 
cum,  also  a  hydrocathartic. 

AcmoN  OP  Castob  Oil. 

Bj^rig  found  that  castor  oil  ha^  scarcely  any  effect  on  the 
hepatic  secretion.  It  appeared  however  desirable  to  emulsify 
tlie  oil  with  bile,  so  that  its  condition  in  the  intestine  might 
more  cl(»ely  resemble  that  in  any  normal  case. 

EaperifMnt  36.  Dog  weighing  7.7  kilogrammee.— 3  cc  bile 
injected  into  duodenum  at  6  (Fig.  36).  One  ounce  castor  oil 
emulsified  with  3cc.  bile  injected  into  duodenum  at  o  and 
again  at  c'.    A  slight  increase  in  the  bile  secretion  followed  the 

^. ». 
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Moond  dose,  but  as  its  extent  was  trifling,  it  should  probably 
be  disregarded.  There  was  a  great  diminution  towards  the 
close  of  the  experiment 

Autopsy. — ^There  was  no  unusual  redness  of  the  mucous 
membrane  of  the  intestine,  save  at  the  lower  part  of  the  duode- 
num, where  the  vasoularily  was  somewhat  increased. 

As  this  experiment,  notwithstanding  the  difference  in  the 
method,  gave  a  result  similar  to  that  obtained  by  Bohrig,  it  did 
not  appear  necessary  to  repeat  it.  It  was  therefore  concluded 
that  castor  oil  can  scarcely  be  regarded  as  a  hepatic  stimulant. 


CoNCLUDiNa  Obsebyations. 

Experiments  with  colocynth,  jalap,  and  other  substances 
will  form  the  subject  of  a  future  Report,  for  although  Rdhrig  by 
his  method  found  that  the  substances  just  mentioned  increase 
the  biliary  secretion,  we  as  yet  know  nothing  regarding  their 
effect  on  the  composition  of  the  bile.  It  would  be  interesting 
to  know  this,  and  also  to  have  curves  of  the  effect  on  the  secre- 
tion to  compare  with  those  above  given. 

Of  the  substances  examined  by  us,  podophylline,  rhubarb, 
aloes  and  colchicum  are  the  most  notable  stimulants  of  the 
dog^s  liven  In  considering  their  modVfS  opera/ndi  in  these  ex- 
periments we  repeat  what  has  been  already  mentioned  in  refer-' 
ence  to  the  action  of  podophylline,  that  the  increased  discharge 
of  bile  was  not  owing  to  contraction  of  the  gall-bladder,  for  this 
in  all  cases  had  been  well-nigh  emptied  by  digital  compres-* 
sion  after  which  the  cystic  duct  was  clamped  at  the  beginning 
of  the  experiment:  moreover  the  long  continuance  of  the  effect 
of  these  substances  negatives  the  idea  that  reflex  spasm  of  the 
larger  bile-ducts  occasioned  the  biliary  flow. 

The  remaining  points  appear  to  be  these.  1.  Did  these 
substances  increase  the  activity  of  the  hepatic  cells  by  reflex 
excitement  proceeding  from  the  intestinal  mucous  membrane  ? 
2.  Was  the  effect  due  to  dilatation  of  mesenteric  vessels,  and 
to  a  consequent  increase  in  the  stream  of  blood  through  the 
liver?  3.  Did  the  substances  stimulate  the  hepatic  ceUs 
directly?  These  questions  are  difficult  to  answer,  indeed,  it 
is  not  professed  that  the  data  for  a  perfectly  definite  answer 
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are  given  in  the  foregoing,  for  we  have  been  more  concerned  in 
ascertaining  the  /ocfe  regarding  the  action  of  these  substanceSy 
than  in  searching  for  the  ea^lanations  of  these  facts.  Neverthe^ 
less  the  experiments  as  far  as  they  go  are  eminently  suggestive 
regarding  the  modus  operandi.  Thus,  the  evidence  of  intestinal 
irritation  was  great  after  podophylline  and  colchicum,  and  very 
considerable  after  aloes,  but  on  the  other  hand  very  slight  after 
rhubarb,  and  yet  it  has  been  proved  that  rhubarb  is  a  decided 
hepatic  stimulant ;  apparently  a  much  more  powerful  one  than 
croton  oil,  although  this  is  a  far  greater  irritant  of  the  intestinal 
mucous  membrane.  We  are,  therefore,  disposed  to  think  that 
reflex  excitement  of  the  liv^  was  not  a  chief  cause  of  the  re- 
sult. Nor  can  we  believe  that  an  increased  stream  of  blood 
through  the  liver,  owing  to  dilatation  of  intestinal  vessels,  was 
a  principal  cause,  for  after  croton  oil,  there  was  great  vascular 
dilatation  in  the  alimentary  mucous  membrane,  while  the  effect 
on  the  liver  was  slight ;  moreover,  after  calomel,  castor  oil,  and 
gamboge,  the  vascular  dilatation  was  very  considerable,  and  the 
effect  on  the  liver  scarcely  perceptible.  It  therefore  appears 
most  probable  that  the  rhubarb,  colchicum,  aloes»  and  podo^ 
phylline  were  absorbed  and  excited  the  liver  directly.  At  the 
same  time,  however,  we  do  not  here  profess  to  do  more  than 
offer  suggestions  touching  the  explanation  of  these  results. 

The  question  will,  doubtless,  be  afiked.  How  is  it  that  the 
foregoing  experiments  prove  that  podophylline  increcMS  the 
biliary  secretion  of  the  dog,  while  Hughes  Bennett,  from  experi- 
ment43  with  this  substance  also  performed  on  dogs,  arrived  at 
the  opposite  conclusion  ?  The  only  apparent  explanation  of  the 
two  series  of  results  is,  that  in  the  present  experiments  the 
dogs  were  in  a,  fasting  condition,  whereas,  in  those  employed  by 
Hughes  Bennett's  Committee  they  had  their  usual  food.  The 
absorption  of  food  is  undoubtedly  followed  by  greatly  increased 
biliary  secretion.  The  purgative  probably  diminished  the 
amount  of  food  absorbed,  and  the  effect  of  this  probably  over- 
balanced in  the  course  of  the  day  the  stimulation  of  the  liver\ 

1  The  diminished  ahsorption  of  biliary  eoDstitnents  from  the  intestine, 
vhieh  probably  accompanies  the  action  of  a  purgative  in  a  normal  case,  is  not 
here  taken  into  account,  for  in  the  dogs  ^hioh  were  made  the  Bubjects  of 
experiment  by  Hnghes  Bennett's  Committee,  a  permanent  biliary  fistnhi  had 
been  established,  so  that  the  entrance  of  bile  into  the  intestine  was  entirely 
prevented. 
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Although  for  the  purpose  of  shewing  whether'  or  not  a  sub- 
stance excites  the  liver,  experiments  with  faaiing  are  of  far 
greater  value  than  experiments  with  non-fasting  animals,  at 
the  same  time  both  sets  of  experiments  are  of  value,  and  the 
general  conclusions  deducible  from  them  appear  to  be,  that 
when  such  substances  as  podophylline,  rhubarb,  aloes,  and  col- 
€hicum  are  administered :  1.  The  liver  is  excited  to  secrete 
more  bila  2.  If  purgation  result^  the  absorption  of  biliary 
matter,  and  of  food — if  digestion  be  taking  place — from  the  in- 
testine is  probably  diminished.  Thus,  by  the  twofold  operation 
of  increased  hepatic  action,  and  diminished  absorption  of  biliaiy 
matter  from  the  intestine,  the  composition  of  the  blood  as  it 
passes  through  the  portal  system  is  probably  rendered  more 
pure. 

The  experiments  with  podophylline  more  especially  suggest 
a  point  of  great  practical  importance,  as  well  as  of  much  phy- 
siological interest ;  to  wit,  that  powerful  purgatitfe  action  tends 
to  diminish  the  biliary  secretion.  This  conclusion  was  also  de- 
duced from  the  experiments  of  Hughes  Bennett's  Committee, 
but  it  was  scarcely  warranted,  because  in  those  experiments  the 
diminished  absorption  of  food  from  the  alimentary  canal,  result- 
ing from  the  puigation,  was  doubtless  an  important  cause  of 
the  result  In  the  foregoing  experiments,  however,  this  dis* 
turbing  factor  has  been  eliminated ;  nevertheless,  the  podophyl- 
line experiments  10  and  11,  the  calomel  experiments  32  and  33 
more  especially  show  that  diminished  biliary  secretion  aocom-!- 
panied  the  excessive  purgation  resulting  from  these  substances. 
Whether  or  not  this  depressing  effect  on  the  liver  is  due  to  the 
tendency  towards  collapse  that  results  from  violent  purgation^ 
or  to  abundant  abstraction  of  certain  matters  from  the  portal 
blood,  is  doubtful  The  point,  however,  is  one  of  such  import* 
ance,  that  we  shall  investigate  it  further. 

It  must  be  borne  in  mind  that  the  foregoing  experiments 
directly  apply  only  to  the  healthy  dog.  They  are  simply  a  con- 
tribution to  comparative  physiological  pharmacology.  To  the 
clinical  observer  is  left  the  task  of  comparing  these  results  with 
those  observed  in  man.  He  will  probably  accept  them  all  as 
not  opposed  to  clinical  experience  in  the  case  of  man,  with  the 
exception  of  the  results  of  the  action  of  calomel    It  must 
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be  observed  that  we  are  not  offering  evidence  regarding  the 
action  of  calomel  in  man,  nor  do  we  profess  to  take  the  side 
either  of  those  who  regard  calomel  as  a  cholagogae  in  man,  or 
with  those  who  deny  this  and  maintain  that  calomel  produces 
bilious  discharges  merely  by  rapidly  hurrying  the  bile  through 
the  intestines;  we  express  no  opinion  on  the  subject,  but  restrict 
ourselves  simply  to  showing  that>  although  there  are  a  number 
of  substances  supposed  to  be  cholagogues  in  man,  which  excite 
the  liver  of  the  dog,  calomel,  judging  from  the  chief  results  of 
our  experiments,  does  not  appear  to  be  one  of  these,  although, 
in  the  dog,  as  in  man,  it  produces  purgation ;  and  although  the 
researches  of  Hughes  Bennett's  Committee  conclusively  showed 
that  mercury  can  produce  salivation,  ulceration  of  the  gums  and 
other  signs  of  its  constitutional  action,  in  the  dog  as  well  as  in 
man.  These  facts  suggest  that  the  clinical  observer  should  be 
very  cautious  in  coming  to  a  conclusion  regarding  the  expla- 
nation of  the  bilious  discharges  after  the  administration  of 
calomel  in  the  case  of  man. 

It  will,  doubtless,  be  admitted  that  the  foregoing  experi- 
ments supply  facts  of  no  little  importance  regarding  the  phy- 
siological actions  of  these  substances.  The  clinical  observer 
may  obtain  from  them  euggestians  which  he  will  probably  not 
discard.  He  will  probably  recognise  the  fact  that  this  kind  of 
research,  when  not  strained  to  furnish  conclusions  that  lie  out^ 
side  its  proper  sphere,  may  yield  evidence  of  much  value  in 
clinical  investigation,  for  it  can — ^in  some  instances,  as  in  the 
present — eliminate  various  factors  which  may  so  complicate  the 
case  in  man,  that  no  definite  conclusion  can  be  drawn ;  more- 
over, it  may,  as  it  has  often  done,  show  actions  of  the  greatest 
importance,  which  have  in  many  instances  also  been  found 
when  the  experiment  came  to  be  tried  in  man. 


Conehuicn  of  Part  /. 


ON  THE  TRANSFORMATIONS  OF  THE  PULSE-WAVE 
IN  THE  DIFFERENT  ARTERIES  OF  THE  BODY. 
By  A,  L.  Oalabin,  M.A.,  M.D.,  Late  Fellow  of  Trinity 
College,  Cambridge,  Assistant  Obstetric  Physician  to  Ouy'a 
Hospital,  and  Assistant  Physician  to  the  HospiUd  for  Sick 
Children.    PL  Xiv. 

Ik  a  paper  published  in  the  Journal  of  Anatomy  and  Physic 
ology,  YoL  yiil,  I  discassed  the  causation  of  the  secondary 
waves  seen  in  the  sphygmographic  tracing  of  the  pulse.  In  the 
present  communication  I  propose  to  give  the  results  of  a  series 
of  observations  on  the  changes  which  these  waves  undergo  at 
different  distances  from  the  heart;  the  study  of  which  appears 
to  throw  further  light  on  the  question  as  to  what  is  the  cause, 
or  combination  of  causes,  by  which  each  of  them  is  originated* 
The  investigation  has  been  conducted  partly  by  taking  tracings 
from  the  different  arteries  of  the  body,  and  partly  by  the  aid  of 
the  same  schema  representing  the  arterial  system,  which  was 
described  in  the  former  paper.  This  consists  of  a  series  of 
bifurcating  elastic  tubes  of  india-rubber,  and  differs  from  that 
used  in  any  similar  experiments  which  have  been  published 
chiefly  in  the  means  used  to  avoid  the  occurrence  of  waves  re- 
flected from  the  periphery.  Such  reflection  in  the  body  is 
rendered  in  the  highest  degree  improbable  frx>m  the  complexity 
and  varying  length  of  the  arteries,  but  it  is  very  apt  to  occur  in 
experimental  tubes.  It  has  been  successfully  prevented  by 
making  the  lengths  of  the  numerous  terminal  tubes  very  un- 
equal, and  by  applying  pressure  to  each  of  them,  when  it  is 
desired  to  increase  the  resistance,  not  at  one,  but  at  several 
points  widely  apart.  The  heart  is  one  of  a  single  cavity,  having 
two  valves  of  india-rubber,  and  the  contraction  of  the  natural 
heart  is  imitated  by  the  hand. 

In  order  to  render  the  schema  as  mechanically  simple  as 
possible,  no  attempt  is  made  to  imitate  the  arrangement  of  the 
individual  arteries  of  the  body.  It  is  found  however  that,  by  a. 
suitable  adjustment  of  the  pressure  in  the  tubes  and  their  dis- 
tensibility,  all  the  varieties  of  human  pulse  can  be  closely  imi- 
tated.   From  this  it  may  be  inferred  that  the  cause  of  the 
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secondary  waves  is  not  to  be  found  in  the  curvature  of  the 
aorta^  or  in  the  mode  in  which  the  large  arteries  arise  from  it^ 
but  that  this  arrangement  can  exercise  at  most  only  a  subordi^ 
Hate  influence  on  the  form  of  the  pulse-wave. 

In  the  comparison  of  pulse-waves  in  different  arteries  of  the 
human  body,  the  observations  have  been  extended  over  the 
widest  possible  range.  For  in  investigating  experimentally  the 
cause  of  any  phenomenon  it  is  essential  to  secure  the  greatest 
pk)ssible  variation  of  the  conditioxis  under  which  it  occurs. 
Hence  even  to  ascertain  the  physiological  explanation  of  the 
healthy  pulse-curve  it  is  not  sufficient  to  take  tracings  from 
healthy  persons.  For  in  them  only  a  limited  variation  in 
arterial  tension  and  pulse-rate  is  possible,  but  to  observe  the 
effects  of  altered  elasticity  of  arterial  walls,  of  imperfection  in 
the  aortic  valves,  of  cardiac  hypertrophy,  or  of  a  departure  from 
the  normal  relation  between  arterial  tension  and  pulse-rate, 
it  is  necessary  to  have  recourse  to  the  diseased.  The  aortic 
tracing  again  can  only  be  obtained  when  the  aorta  has  under- 
gone aneurismal  dilatation. 

In  the  transmission  of  any  wave  along  an  artery  there  is 
one  influence  always  at  work,  namely  the  effect  of  the  elasticity 
of  the  arterial  walls,  by  which  the  intermittent  flow  of  blood  is 
at  length  converted  into  a  continuous  stream.  The  tendency 
of  this  is  to  broaden  the  base  of  each  wave,  to  make  both  the 
up-stroke  and  down-stroke  more  gradual,  and  at  length  to  oblite- 
rate it  altogether.  This  change  is  the  most  marked  in  the  case: 
of  abrupt  and  narrow  waves  having  no  great  volume,  as  may  be 
seen  especially  by  a  comparison  of  the  simultaneous  tracings 
Figs.  16  and  17,  of  which  the  first  was  taken  close  to  the  aortic 
valves  of  the  schema,  the  second  at  a  distance  of  9  feet.  All 
the  minor  oscillations  are  entirely  lost  in  the  latter  tracing,  and 
the  dicrotic  wave  C  has  lost  its  high  and  narrow  summit,  and 
become  broad  and  rounded.  It  will  be  seen  however  hereafter, 
that  there  is  some  cause  in  operation  by  which  the  effect  of  this 
change  in  rendering  the  up-stroke  of  the  principal  wave  more 
gradual,  is,  in  some  cases,  counteracted  up  to  a  certain  point. 

Before  describing  in  detail  the  changes  of  the  pulse-curve,  it 
is  necessary  to  revert  to  the  nature  of  the  tidal  or  first  second- 
ary wave  (marked  B  iu  the  figures)  which,  in  most  pulses,,  pre- 
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cedes  the  dicrotic  wave  ((7).  In  my  former  paper  I  endeavoured 
to  show  that  the  relative  position  of  this  wave  at  di£ferent  dis* 
tances  from  the  heart  disproves  the  theory  hitherto  proposed  as 
to  its  causation,  namely  that  it  has  the  same  origm  as  either 
the  primary  or  the  dicrotic  wave,  but  is  transmitted  with  a 
different  velocity,  and  so  appears  in  the  radial  pulse-curve  as  a 
distinct  elevation*  I  there  explained  the  separation  of  the 
primary  or  so-called  ''percussion"  and  tidal  waves  as  not  really 
existing  in  the  artery,  but  a^  produced  in  the  traoe  by  the  velo- 
city acquired  by  the  sphygmograph  in  the  sudden  primaiy  up* 
stroke.  Further  observation  has  convinced  me  that,  although 
this  exfdanation  applies  to  many  cases,  it  yet  does  not  express 
the  whole  truth,  and  that,  in  some  instances  at  least,  there  is  a 
real  first  secondary  wave  or  oscillatory  expansion  in  the  artery. 
For  this  I  shall  use  the  term  predicrotic  in  preference  to  that 
of  tidal  wave. 

The  most  striking  example  of  this  which  I  have  ever  met 
with  ..was  in  a  patient  suffering  from  aortic  regurgitation, 
tracings  fit>m  whose  carotid,  radial,  and  dorsalis  pedis  arteries 
are  shown  in  Figs.  11, 12  and  13.  In  this  case  an  actual  double 
expansion  in  the  carotid  artery,  whose  pulsation  was  violent, 
was  manifest  not  only  to  the  finger  but  to  the  eyeu  On  listen- 
ing to  the  chest  while  the  finger  was  placed  upon  the  pulse,  it 
was  found  that  the  second  beat  in  the  carotid  preceded  by  a 
decided  interval  the  second  sound  of  the  heart,  and  even  in  the 
radial  artery  the  second  beat  was  felt  a  little  before  the  occur- 
rence of  the  second  sound.  This  second  or  predicrotic  expansion 
had  therefore  nothing  to  do  with  the  closure  of  the  aortic  valves, 
or  with  the  dicrotic  wave.  On  comparing  the  relative  position 
ot  the  predicrotic  wave  in  the  different  arteries,  it  will  be  seen 
that  while  the  interval  is  not  precisely  constant,  yet  there  is  no 
progressive  difference.  In  the  radial  artery  (Fig.  12)  it  is 
somewhat  nearer  to  the  primary  wave  than  in  the  carotid  (Fig. 
11),  the  primary  up-stroke  being  at  the  same  time  more  sudden, 
but  in  the  dorsalis  pedis  (Fig.  13)  it  is  somewhat  further  off. 
This  instance  therefore,  while  it  proves  the  existence  of  a  true 
predicrotic  wave,  demonstrates  also  that  it  is  not  derived  from 
the  same  origin  as  either  the  primary  or  the  dicrotic,  and  that 
both  primary  and  predicrotic  waves,  as  they  exist  in  the  artery, 
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are  equally  waves  of  expansion,  and  therefore  also  of  increased 
pressure,  and  forward  movement  in  the  blood. 

Is  it  then  possible  to  find  any  criterion  by  which  it  may  be 
determined  whether  the  tidal  wave,  as  seen  in  any  ordinary 
pulse-curve,  is  made  up  of  two  components,  and  what  is  the 
relative  proportion  of  each  ?  To  a  great  extent  this  may  be 
done  by  observing  the  change  of  shape  in  the  trace  produced 
by  an  increase  of  the  pressure  applied.  For  the  fact  being 
established  that  the  primary  and  predicrotic  waves  are  equally 
waves  of  expansion,  there  is  clearly  no  reason  why  one  should 
be  affected  more  than  the  other  by  increased  pressure  upon  the 
artery.  So  far  therefore  as  the  relative  height  of  the  primary 
wave  is  diminished  by  this  means,  it  may  be  inferred  that  its 
summit^  as  seen  in  the  trace,  is  due  to  the  velocity  acquired  in 
the  sudden  up-stroke.  It  is  found  that  increase  of  pressure 
almost  always  decreases  the  relative  height  of  the  primary  wave, 
and  sometimes  abolishes  the  distinction  between  primary  and 
tidal.  In  the  latter  case  therefore  the  distinction  is  produced 
only  by  the  sphygmograph.  I  have  introduced  examples  of  the 
effect  on  the  trace  of  increase  of  the  pressure  applied  in  two 
typical  classes  of  cases.  The  first  is  that  of  acute  Brighfs 
disease,  in  which  arterial  tension  is  very  high,  but  the  arteries 
healthy.  The  tidal  wave  is  here  very  distinctly  separated,  and, 
since  but  little  change  is  produced  by  increase  of  pressure,  it 
seems  to  be  the  effect  of  a  great  predicrotic  wave  in  the  artery. 
A  series  of  tracings  from  such  a  patient  at  different  pressures  is 
shewn  in  Figs.  21, 22  and  23.  In  Figs.  24  and  25,  on  the  other 
hand,  is  shewn  the  effect  of  increased  pressure  on  the  pulse  of 
atheroma,  and  it  will  be  seen  that  the  primary  summit  is 
much  diminished,  and  a  rounded  'tidal  wave'  brought  out  In 
that  case  therefore  the  pointed  summit  was  mainly  due  to  ac* 
quired  velocity. 

I  think  that  an  example  may  be  found  of  the  production 
of  a  tidal  wave  solely  by  the  oscillation  of  the  sphygmograph 
in  the  simultaneous  tracings  given  by  Marey\  which  were 
taken  from  the  carotid  artery  of  a  horse  whose  pulse  was  un- 
usually dicrotic,  one  with  the  sphygmograph,  the  other  with 
Chauveau's  hsBmodromometer,  representing  the  velocity  of  blood- 

^  Phy$ioU>gie  MidicaU  de  la  Circulation  du  Sang,  p.  278. 
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currdnt  In  the  formery  th^re  appears  a  small  pointed  tidal 
wave,  in  a  position  similar  to  that  in  Fig.  41  (B),  but  in  the 
curve  of  blood-velocity  this  does  not  appear,  and  its  position 
corresponds  to  the  bottom  of  the. notch  which  precedes  the 
dicrotic  wave,  and  here  descends  below  the  zero  line.  Now  it 
is  clear  that  no  wave  of  expansion  in  the  artery  can  occur  with- 
out a  wave  of  forward  movement  in  the  blood,  although  there 
need  not  be  a  correspondence  in  the  shape  of  the  two  waves,  or 
the  position  of  their  maxima.  A  true  predicrotic  wave  of 
expansion  should  therefore  appear  in  the  trace  of  the  hsemo- 
dromometer,  and,  since  it  is  not  found  there,  it  may  be  inferred 
that,  in  this  instance,  the  elevation  seen  in  the  sphygmographic 
trace  is  a  recoil  due  to  acquired  velocity.  The  lever  of  the 
hsemodromometer,  being  immersed  in  the  blood-current^  would 
not  be  liable  to  such  an  oscillation.. 

The  oscillation  of  the  sphygmograph  cannot  be  prevented 
by  the  use  of  a  small  spring  to  depress  the  long  recording 
lever,  since  it  is  not  caused,  except  in  rare  cases,  by  any 
separation  of  the  lever  from  the  knife-edge,  but  by  a  variation 
in  the  compression  of  the  elastic  tissues  covering  the  artery, 
which  occurs  most  when  the  pressure  applied  is  small.  This 
may  be  seen  by  a  comparison  of  Figs.  41,  38,  and  39,  taken 
from  the  same  full  and  dicrotic  pulse.  Comparing  Fig.  38, 
taken  at  a  pressure  of  1  oz.  with  Fig.  41  taken  at  a 
pressure  of  2  oz.,  it  is  clear  that  the  deep  notch  which  in 
the  former  trace  immediately  follows  the  high  primary  sum- 
mit, and  precedes  the  tidal  wave  B,  descending  far  below 
the  base  line  of  the  curve,  is  the  effect  of  oscillation^  since  it 
is  not  seen  in  Fig.  41,  taken  at  a  somewhat  higher  pressure. 
Fig.  39  was  taken  with  a  small  spring  to  depress  the  long  lever 
at  the  same  pressure  of  1  oz.  The  amplitude  of  the  whole 
trace  is  somewhat  diminished  by  the  increased  friction,  but  the 
shape  of  the  curve  is  almost  exactly  the  same  as  that  in  Fig.  38, 
thus  shewing  that  the  oscillation  occurred  as  much  as  before, 
and  much  more  than  it  did  when  the  pressure  was  increased 
to  two  ounces,  and  the  small  spring  dispensed  with.  It  may 
be  readily  tested  by  experiment  that,  if  the  sphygmograph  be 
fixed  upon  the  arm,  and  the  pressure  applied  to  the  artery  be 
moderate,  the  recording  lever  may  be  pushed  down  by  a  slight 
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pressure^  and  that,  if  lifted  to  a  height  and  allowed  to  drop, 
it  will  oscillate.  If  however  the  instrument  be  fixed  upon  a 
hard  flat  surface,  this  scarcely  occurs  at  all,  however  small  the 
tension  of  its  spring  may  be. 

The  small  secondary  spring  was  used  in  Marey's  original 
sphygmograph,  but  is  omitted  in  the  best  instruments  now 
constructed  in  England.  If  delicate  enough,  it  scarcely  alters 
the  shape  of  the  trace,  but  if  somewhat  stronger,  it  may  break 
the  tidal  wave  into  two,  as  shewn  in  Fig.  21  of  my  former  paper. 
The  chief  objection  to  its  use  is  the  impossibility  of  securing 
that  it  shall  be  of  equal  strength  in  different  instruments. 

If  any  further  evidence  be  necessary  to  confirm  the  proof 
given  on  a  former  occasion',  that  the  primary  or  so-called 
percussion  wave  is  not  the  effect  of  any  instantaneous  shock 
or  vibration,  it  may  be  found,  I  think,  in  the  experiment  of 
compressing  an  artery  a  few  inches  beyond  the  point  at  which 
the  sphygmograph  is  applied.  The  effect  of  this  is  shewn  in 
Figs.  31  and  32.  Tracing  SI  represents  a  full,  soft  pulse  taken 
in  the  usual  way  at  a  pressure  of  3  oz.  from  the  radial  artery 
rather  high  up ;  tracing  32  was  taken  at  the  same  pressure 
while  the  artery  was  compressed  at  a  distance  of  three  inches 
below  the  pad.  In  the  latter  case  the  primary  wave  is  much 
increased  in  height  and  suddenness.  This  implies  that  the 
front  of  the  wave  in  the  artery  was  reflected  from  the  point 
compressed,  and  returned  to  the  pad  of  the  sphygmograph, 
having  traversed  a  distance  of  six  inches,  in  time  to  find  the 
ascent  of  the  primary  wave  still  only  commencing,  and  to  add 
its  own  effect  in  enhancing  that  primary  wave.  Precisely  the 
same  effect  was  produced  by  compression  of  the  artery  upon 
the  dicrotic  wave  (c)  as  upon  the  primary  wave,  thus  indicating 
the  analogous  nature  of  the  two  waves. 

The  relative  position  of  the  predicrotic  wave  at  different 
distances  from  the  heart,  not  only  in  the  case  depicted  in  Figs. 
11, 12,  and  13,  but  in  all  other  tracings,  whether  taken  from 
the  human  body  or  the  schema,  shews  that  it  can  only  be 
explained  as  some  form  of  oscillation  in  the  blood-column, 
which  arises  near  the  aortic  valves,  and  is  propagated  to  the 
periphery  with  a  velocity  not  very  widely  differing  from  that 

*     1  Jowmal  of  Anatomy  and  PhyHology,  Vol.  Tin. 
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of  the  primary  or  dicrotic  waves.  It  remains  to  be  considered 
whether  any  mechanical  explanation  can  be  found  for  it.  There 
are  two  ways  in  which  it  is  possible  that  such  an  oscillation 
might  arise,  the  statement  of  which  will  perhaps  be  rendered 
more  intelligible  if  I  first  briefly  recapitulate  the  mode  of 
causation  of  the  dicrotic  wave. 

The  first  cause  of  the  dicrotic  wave  is  that  which  has  been 
very  generally  accepted  as  dependiAg  upon  the  aortic  valves. 
For  let  us  consider  a  section  of  artezy  close  to  the   valves. 
When  the  influx  from  the  heart  suddenly  ceases  at  the  end  of 
systole,  the  fluid  for  an  instant  continues  to  flow  away  out  of 
the  section  on  accouBt  of  its  acquired  velocity^  and  the  pressure 
in  the  section  therefore  rapidly  falls  and  the  artery  contracts^ 
As  soon  as  the  velocity  of  the  fluid  is  chegked  by  the  pressure 
in  front,  a  reflux  takes  place,  which,  being  stopped  by  the 
valves,  causes  a  second  increase  of  pressure  and  second  expan- 
sion.    This  is  propagated  as  the  dicrotic  wave  to  the  periphery, 
and  may  itself  again  call  out  a  second  similar  oscillation  or 
tricrotie  wave,  which  is  not  unfrequently  seen  in   the  pulse 
(vide  Fig.  35,  D),    Even  in  the  total  absence  of  aortic  valves 
the  reflux,  meeting  with  the  current  entering  the  ventricle, 
may  cause  a  second  increase  of  pressure  or  dicrotic  wave,  al- 
though this  will  be  much  less  than  in  the  former  case.    If  the 
fluid  in  the  tubes  be  air  instead  of  blood  or  water,  its  momentum 
is  so  small  that  its  velocity  is  checked  instantly  at  the  end 
of    systole,   and  there  is  no  perceptible  dicrotic  wave   (vide 
Fig.   8).     If  on  the  contrary  mercury  be    taken,  both  the 
dicrotic  and  succeeding  waves  become  enormous,  on  account 
of  the  great  momentum  of  the  fluid,  as  was  shewn  by  Marey. 
The  fluid  remaining  the  same,  the  oscillation   will   be   more 
ample  the  greater  its  initial  velocity,  and  the  more  slowly  that 
velocity  is  checked.    Thus  dicrotism  is  promoted  by  a  sudden 
action  of  the  heart,  and  also  by  distensibility  of  arteries,  by 
lowness  of  arterial  pressure,  and  by  freedom  of  outflow.    I  think 
that  in  considering  this  origin  of  the  dicrotic  wave  sufficient 
attention  has  not  generally  been  paid  to  the  important  part 
played  in  it  by  the  inertia  of  the  fluid,  and  to  the  fact  that 
the  aortic  valves,  although  extremely  important,  are  not  abso- 
lutely essential. 
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So  far  as  it  depends  on  this  cause  the  dicrotic  wave  will 
be  greatest  near  its  origin  at  the  valves,  and  will  tend  to 
diminish  as  it  is  transmitted,  from  the  influence  of  the  elastic 
arterial  walls.  This  may  be  seen  experimentally  by  a  com- 
parison of  Figs.  16  and  29,  taken  close  to  the  valves  of  the 
schema,  with  the  simultaneous  tracings  17  and  30,  taken  at  a 
greater  distance.  It  is  found  however  that  in  many  cases 
dicrotism  increases  up  to  a  certain  point,  as  the  pulse-wave 
recedes  from  the  hearj;.  This  is  true  to  some  extent  of  the 
healthy  pulse  (compare  Fig.  35  from  the  radial  artery  with 
Fig.  33  from  the  carotid  and  Fig.  34!  from  the  facial :  compare 
also  Fig.  14  with  Fig.  16,  and  Fig.  26  with  Figs.  27  and  28); 
but  in  some  instances,  especially  when  arteries  are  much 
relaxed,  it  occurs  in  a  very  remarkable  degree.  Thus  the 
carotid  pulse  shewn  in  Fig.  40  is  but  little  dicrotic,  but  in  the 
radial  pulse  of  the  same  person  (Fig.  41)  dicrotism  is  very 
great.  It  seems  then  that  a  second  cause  must  contribute 
to  the  dicrotic  wave,  and  this,  in  my  former  paper  already 
referred  to,  I  endeavoured  to  shew  to  be  the  eJBfect  of  the 
inertia  of  the  arterial  walls,  owing  to  which  the  expansion  of 
the  tube  is  somewhat  delayed,  is  then  by  acquired  velocity 
carried  beyond  the  point  which  it  would  otherwise  have  reached, 
and  is  therefore  followed  by  an  increased  elastic  contraction, 
and  a  consequent  flight  second  expansion.  The  effect  of  this 
cause  would  be  a  progressive  one.  For  suppose  the  tube 
divided  into  a  number  of  small  transverse  sections.  A,  B,  C,  &c. 
Any  very  minute  recoil  expansion  arising  in  section  A  will  be 
in  part  transmitted  as  a  wave  to  section  B,  and  the  transmitted 
wave  will  be  added  to  the  recoil  originating  in  section  B  itself. 
This  effect  will  go  on  increasing  until  a  kind  of  equilibrium 
is  reached  between  this  process  and  the  tendency  of  tJie  elastic 
walls  to  obliterate  all  waves. 

I  think  that  this  gradual  production  of  secondary  waves 
may  be  illustrated  by  the  series  of  simultaneous  tracings  in 
Figs.  8,  9,  and  10.  These  were  taken  from  different  points 
of  the  schema,  while  its  tubes  were  filled  not  with  water  but 
with  air.  There  is  therefore  no  dicrotic  wave  originating  near 
the  valves,  or  having  anything  to  do  with  their  closure,  but  for 
a  considerable  distance  from  the  heart  no  secondary  waves  at 
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all  were  visible  (Fig.  8).  At  the  distance  of  4J  feet  however 
two  small  oscillations  have  appeared  (Fig.  9),  and  at  a  distance 
of  9  feet  the  first  oscillatory  wave  seems  to  have  become  slower 
and  more  ample,  and  thus  is  separated  by  a  greater  interval 
from  the  primary  wave  (Fig.  10). 

Let  us  now  return  to  the  consideration  of  the  predicrotic 
wave*  The  two  possible  modes  of  origin  of  such  an  oscillation 
correspond  to  the  two  causes  of  the  dicrotic  wave.  For  just 
as  the  sudden  cessation  of  the  influx  at  the  end  of  systole 
causes  a  rapid  fall  of  pressure  in  the  section  nearest  the  valves 
owing  to  the  acquired  velocity  of  the  fluid,  and  a  consequent 
reflux  and  second  expansion,  so,  if  the  velocity  of  the  blood 
is  greatly  diminished  before  the  end  of  systole,  this  diminution 
of  velocity  may  give  rise  to  an  oscillation  of  a  similar  kind,  but 
one  less  in  degree,  and  occurring  during  the  systolic  period.  In 
this  case  the  second  rise  of  pressure  would  be  due,  not  to  an 
actual  reflux  of  fluid,  but  only  to  a  diminution  of  onward 
velocity,  and  would  therefore  not  depend  upon  any  closure  of 
valves.  It  may  be  doubted  however  whether  the  velocity 
of  the  blood  propelled  through  the  aortic  orifice  is  much 
diminished  before  the  end  of  systole,  and  in  the  case  of  the 
schema^  where  the  heart  was  not  emptied  completely  at  each 
stroke,  the  velocity  appeared  to  be  pretty  uniform.  I  am 
disposed  therefore  to  believe  that  in  most  cases  the  predicrotic 
wave  is,  in  the  main,  to  be  referred  to  the  same  oscillation, 
set  up  by  the  inertia  of  the  arterial  walls,  which  often  con- 
tributes to  the  dicrotic  wave.  For  it  is  probable  that  the 
recoil  which  in  dicrotic  pulses,  when  tension  is  low,  helps  to 
augment  the  dicrotic  wave,  will,  when  tension  is  high,  or  the 
arterial  walls  less  distensible,  occur  more  rapidly  and  produce 
a  separate  wave.  This  probability  is  confirmed  by  the  position 
of  the  first  oscillation  in  Fig.  9,  obtained  in  the  experiment 
in  which  no  dicrotic  wave  was  produced  near  the  valves, 
because  the  fluid  contained  in  the  tubes  was  air.  When  air 
is  used  the  oscillation  is  not  perceptible  until  the  wave  has 
travelled  some  distance  from  the  valves  ;  but  it  does  not  follow 
that  this  is  so  if  the  tubes  contain  liquid.  For  in  the  former 
case  the  inertia  of  the  tube-wall  alone  comes  into  play,  that  of 
the  air  being  too  small  to  have  any  perceptible  effect,  as  shewn 
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by  the  absence  of  waves  in  Fig.  8 ;  but  in  the  latter  the  inertia 
of  the  liquid  is  also  involved  in  every  movement,  and  the 
oscillation  would  from  the  first  have  a  more  important  character. 

In  those  pulses  in  which  the  first  oscillation  occurs  before 
the  end  of  systole^  and  forms  the  predicrotic  wave,  it  would 
be  not  the  first  but  the  second  oscillation  of  the  same  series 
which  would  be  combined  with  and  tend  to  augment  the 
dicrotic  wave.  The  occurrence  of  this  second  oscillation  is 
shewn  in  Figs.  9  and  10. 

The  same  qualities  in  the  heart's  action,  namely  a  powerful 
commencement  and  at  the  same  time  prolonged  duration  of 
systole,  which  would  promote  the  occurrence  of  this  predicrotic 
wave,  tend  also  to  cause  the  separate  appearance  of  the  tidal 
wave  in  the  trace,  so  far  as  that  depends  on  the  sphygmograph. 
There  is  no  practical  disadvantage  therefore  in  the  combination 
of  two  elements  in  the  tidal  wave,  as  it  appears  in  the  curve,  so 
far  as  regai'ds  the  inferences  to  be  drawn  from  the  tracing  as  to 
the  state  of  the  vascular  system ;  but  on  the  contrary,  the  dis- 
tinctive characters  of  each  variety  of  pulse  are  in  this  way 
magnified,  and  rendered  more  manifest.  A  practical  lesson 
may  however  be  drawn,  that,  if  the  tracing  of  any  pulse  taken 
at  a  low  pressure  shew  a  very  marked  primary  summit,  whose 
proportionate  magnitude  is  modified  by  increase  of  pressure, 
then  the  tracing  taken  at  the  higher  pressure  more  closely 
represents  the  true  pulse- wave*  The  form  of  trace  at  the  lower 
pressure  may  however  have  much  significance,  and  in  these 
cases  the  whole  of  the  information  to  be  derived  from  the 
sphygmograph  cannot  be  compressed  into  any  one  curve,  but 
requires  at  least  two  for  its  expression,  namely  that  trace  which 
has  the  greatest  amplitude,  and  another  taken  at  a  higher 
pressure. 

Comparing  the  different  waves  in  the  pulse-curve,  it  may  be 
said  that  the  dicrotic  wave  is  an  oscillation  due  primarily  to  the 
inertia  of  the  blood,  and  that  the  distinction  of  primary  and 
tidal  waves  is  generally  the  joint  effect  of  one  oscillation  set  up 
by  the  inertia  of  the  arterial  walls  and  another  due  to  that  of 
the  sphygmograph.  When  the  tidal  wave  is  absent,  these  oscil- 
lations contribute  to  the  dicrotic  wave. 

The  systolic  part  of  the  pulse-curve  may  be  regarded  as 
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made  up  of  a  simple  uniform  curve,  or  fundamental  wave,  such 
as  would  be  described  if  no  oscillation  were  set  up  by  the  inertia 
of  arterial  walls  or  sphygmograph,  upon  which  fundamental 
wave  are  superposed  first  a  pointed  primary  summit,  and  then 
one  or  sometimes  even  two  (vide  Figs.  16,  45  and  46)  recoil 
waves.  The  recoil  wave  is  the  reflection,  not  of  the  whole 
primary  ascent,  but  only  of  the  height  by  which  the  primary 
summit  rises  above  the  fundamental  wave,  and  it  therefore 
deviates  from  the  fundamental  curve  much  less  than  does  the 
primary  summit.  Hence  it  is  often  combined  with  and  almost 
lost  upon  the  rounded  top  of  the  fundamental  wave  (vide  Figs. 
14,  25,  26  and  46').  It  is  in  this  case  only,  that  the  title  of  tidal 
wave  appears  to  be  truly  appropriate,  as  applied  to  this  rounded 
summit  of  the  pulse-curve.  It  seen»  better  however  to  retain 
the  term  tidal  wave  as  denoting  the  first  secondary  wave,  as 
seen  in  the  trace,  in  all  its  forms.  For  in  such  a  case  as  that 
just  referred  to,  in  which  the  part  of  the  curve  denominated 
tidal  wave  almost  coincides  with  the  corresponding  portion  of 
the  fundamental  wave  (Fig.  25),  it  would  be  incorrect  to  call  it 
the  predicrotic  wave,  and  yet  every  gradation  may  be  found 
between  this  form  of  curve  and  that  shewn  in  Fig.  21,  in  which 
the  tidal  wave  B  seems  to  be  mainly  due  to  the  oscillatory 
predicrotic  wave  in  the  artery.  The  term  predicrotic  should 
then  be  ased  as  a  synonym  for  tidal  or  first  secondary  wave  only 
when  the  elevation  in  the  curve  seems  to  be  wholly  or  chiefly 
due  to  this  component. 

It  remains  to  trace  out  more  in  detail  the  changes  of  the 
several  waves  as  they  recede  from  the  heart.  Both  of  the 
instruments  used  in  taking  the  simultaneous  tracings  from  the 
schema  had  an  adjustment  for  altering  the  amplification  given 
to  the  trace,  and  the  magnifying  power  employed  was  much 
less  than  that  of  the  sphygmograph.  The  pressure  used  was 
also  much  greater  than  can  be  applied  to  an  artery,  and  there 
were  no  elastic  tissues  intervening  between  the  pad  and  the 
tube,  by  which  oscillation  might  be  allowed.  The  chance  of 
deviation  in  the  trace  was  therefore  reduced  to  a  minimum,  and 
moreover  it  was  found  that,  when  the  tubes  contained  air,  no 
secondary  wave  whatever  was  seen  in  a  trace  taken  near  the 
valves  (Fig.  8),  however  sudden  the  up-stroke  might  be  made. 
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It  may  be  concluded  that  no  oscillation  occurred  in  the  instru- 
ment, and  that  the  curves  are  a  very  close,  if  not  an  absolute, 
representation  of  the  waves  in  the  fluid,  and  more  strictly  faith- 
ful than  most  of  those  obtained  from  arteries. 

In  many  of  the  curves  measuring  lines  are  drawn  to  shew 
the  relative  distances  of  the  waves.  These  are  arcs  of  a  circle 
having  a  radius  equal  to  the  length  of  the  recording  lever,  care 
being  taken  that  the  centre  of  the  arc  corresponds  precisely  in 
relative  position  to  the  centre  of  ^notion  of  the  lever  at  the  time 
when  the  tracing  was  taken. 

In  tracings  taken  quite  close  to  the  valves  of  the  schema 
(Figs.  16,  29  and  45),  the  dicrotic  wave  is  found  to  be  very 
narrow,  sudden,  and  lofty,  when  the  heart's  contraction  is  short 
and  forcible,  but  this  quality  is  lost  at  a  distance.  ((Jompare 
Figs.  17  and  30  with  16  and  29.)  These  examples  shew  a 
fact  which  at  first  sight  might  appear  improbable,  namely  that 
a  recoil  wave  may  be  higher  than  its  primary.  The  total 
mechanical  energy  in  the  reflected  wave  must  of  course  be  less, 
but,  by  losing  in  volume,  it  may  gain  in  height,  somewhat  as  a 
wave  on  the  surface  of  water  may,  after  striking  against  a  wall, 
be  tossed  up  into  the  air.  For  the  production  of  such  a  lofty 
dicrotic  wave  close  to  the  valves,  it  is  necessary  that  the  valves 
should  be  of  not  too  yielding  a  material,  and  should  be  capable 
of  closing  quickly.  In  the  tracings  from  a  dilated  aorta  (Figs. 
14  and  46)  the  dicrotic  wave  G  has  the  same  character  of  sud- 
denness, but  is  not  so  lofty,  and  more  nearly  resembles  the 
dicrotic  wave  in  Fig.  1,  taken  10  inches  from  the  valves  of  the 
schema. 

In  these,  as  in  former  experiments,  I  found  that,  other 
things  being  equal,  dicrotism  is  increased  if  arterial  tension  be 
lowered.  A  still  greater  increase  however  is  produced  by  mak- 
ing the  heart's  action  more  short  and  sudden,  and  this  condition 
can  easily  be  made  to  preponderate  over  the  effect  of  changed 
arterial  pressure.  In  Fig.  45  is  shewn  the  effect  of  a  gradual 
modification  of  heart's  action  on  the  dicrotic  wave  (7,  in  a  trac- 
ing taken  close  to  the  valves  of  the  schema.  In  the  first  beat 
the  contraction  was  short  and  sudden,  in  the  third  steady  and 
prolonged,  and  va  the  second  of  an  intermediate  character. 
We  may  hence  undeEStand  how  it  is  that  in  fever  the  first  effect 
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t>f  the  relaxed  arteries  and  freedom  of  outflow  is  to  make  the 
pulse  dicrotic,  but  that  in  a  later  stage,  if  the  heart  greatly 
fails,  and  its  action  becomes  feeble  and  wavy,  dicrotism  may 
diminish,  and  the  dicrotic  wave  even  altogether  disappear, 
although  arterial  tension  remains  as  low  as  before.  Hence  also 
the  bad  prognosis  to  be  derived  from  such  a  pulse  under  such 
circumstances. 

In  all  curves  taken  from  the  schema  it  is  found  that,  at  a 
greater  distance  from  the  heart,  the  tidal  wave  is  less  distinctly 
separate,  commences  lower  down  in  the  descent,  and  at  a  some- 
what greater  distance  from  the  primary  wave.  The  interval 
however  is  always  considerable,  even  near  to  the  valves,  and  it 
is  not  therefore  the  fact  that  the  two  waves  start  together,  and 
become  separated  as  they  proceed.  The  effect  of  a  progressive 
diminution  of  arterial  tension  is  shewn  in  Figs.  6,  7  and  43,  44, 
as  compared  with  Figs.  3,  4.  The  tidal  wave  in  the  primary 
trunk  is  less  marked,  and  in  the  distal  tube  it  is  almost  lost  in 
Fig.  7,  and  entirely  so  in  Fig.  44.  The  curve  becomes  also  more 
dicrotic  than  with  the  higher  tension.  The  tracings  6  and  7 
from  the  schema  may  be  compared  with  Figs.  33  and  35,  taken 
from  the  carotid  and  radial  arteries  of  a  healthy  person. 

The  changes  of  the  tidal  wave  in  the  different  arteries  of 
the  body  correspond  very  closely  with  those  observed  in  tracings 
from  the  schema.  In  the  healthy  carotid  trace.  Fig.  33,  it  is 
much  wider  and  more  marked  than  in  the  radial  or  dorsalis 
pedis  (B'igs.  35  and  36).  A  similar  relation  may  be  seen  also 
in  the  tracings  of  carotid,  radial,  and  dorsalis  pedis  arteries 
taken  from  a  case  of  atheroma  (Figs.  26,  27  and  28).  In  small 
lurteries  nearer  to  the  heart  the  pulse-curve  has  a  similar 
character  to  that  of  the  carotid,  as  will  be  seen  in  Fig.  34, 
obtained  from  the  facial  artery.  Thus  we  see  that  the  form  of 
the  curve  depends  on  the  distance  from  the  heart,  rather  than 
on  the  size  of  the  artery  from  which  the  tracing  is  taken.  In 
tracings  from  an  aneurismal  dilatation  of  the  aorta  (Figs.  14 
and  46),  the.  rounded  prominence  of  the  tidal  wave  is  still  more 
marked  as  compared  with  the  radial  pulse  of  the  same  person 
(Figs.  15  and  47).  This  may  be  partly  the  effect  of  the  dilata- 
tion, but  the  form  of  the  curve  resembles  that  obtained  by 
Marey  by  means  of  his  polygraph,  representing  the  pressure 
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withia  the  aorta  of  a  faorse\  When  the  aneurism  is  sacculatect 
and  communication  with  the  artery  not  free,  all  secondary 
waves  may  be  lost,  and  only  a  rounded  swelling  appear.  But 
when  there  are  any  secondary  waves  at  all,  I  have  always  found 
the  dicrotic  wave  visible,  and  in  the  aortic  trace,  Fig.  14,  it  is 
more  marked  than  in  the  radial  pulse  tracing  of  atheroma.  Figs. 
24  and  25.  It  is  seen  also  in  Marey's  aortic  tracing.  This 
seems  to  me  to  be  an  experimental  disproof  of  the  theory  of  the 
causation  of  dicrotism  proposed  by  Dr  Mahomed,  and  adopted 
also  by  Dr  Broadbent  in  his  lectures  on  the  pulse,  recently  pub- 
lished in  the  Lancet,  namely,  that  there  is  ik)  second  expansion 
in  the  aorta  itself,  but  that  the  simple  elastic  recoil  or  contrac- 
tion of  the  aorta  produces  a  second  expansion  in  peripheral 
arteries.  The  same  thing  is  shewn  still  more  strongly  by  the 
dicrotic  pulse  from  the  aorta  of  a  dog  (Fig.  37).  It  is  confirmed 
by  the  fact  shewn  by  Marey,  from  the  cuFve  of  tt^  hssmodromo- 
meter  {op.  cit  p.  273),  that  in  the  dicrotic  pulse  of  a  horse 
there  is  a  marked  retrograde  current  befofe  the  dicrotic  wave 
even  in  the  carotid^  artery.  So  extensive  a  reflux  would  not  be 
required  for  itte  closure  of  the  aortic  valves,  but  it  must  be 
expended  in  causing  a  second  expansion  in  the  arteries  near  to 
the  heart.  When  the  pulse  is  less  dicrotic;  the  notch  in  the 
curve  of  blood-velocity  does  not  fall  so  low  as  the  zerc  line. 

Marey  attributed-  the  dicrotic  warve,  in  the  abrupt  and 
pointed  form  iu'  which  it  a^ppears  in  the  aorta  (vide  Figa  14  and 
46),  and  frequently  also  in  the  carotid  artery,  ifo  the  elosure  of 
the  aortie  valves,  but  the  dicrotic  wave  in  the  radial  pulse  he 
considered  to^be  of  a  different  character,  and  to  be  an  oscillation 
produced  in*  the  peripheral  arteries.  In  the  schema,  however; 
the  wave*  may  be  traced  by  a  unifopm  gradation  from/  one  diape 
to  the  other,  and  the  same  thing  may  be  done,  although-  of  bo- 
cessity  not  so  perfectly,  in  the  arteries  of  ibe  body.. 

The  aortic  tracing,  Fig.  4&,  shews-  w  small  rise  Z  just  pre^- 
ceding  the  main  up-stroke,  and  this  appears  also  in  Marey'9 
curve  representing  the  aortic  pressure.  It  is  attributed  by  him. 
to  a  wave  transmitted  through  the  still  closed  aortic  valves,  and 
caused  by  the  commencement  of  ventricular  contraction.    His* 

1  Phtfsiologie  MiiicaU  de  la  Circulation  du  Sang,  p.  189. 


TRANSFORMATION  OF  PULSE- WAV£  IN  DIFFERENT  ARTERIES.    311 

• 

simultaneous  tracings  shew  that  the  two  events  are  synchro- 
noxxSf  and  this  is  probably  the  true  explanation.  Fig.  46  shews 
also  another  rounded  swelling  X,  which  is  not  unfrequently  seen 
in  tracings  from  arteries  near  the  heart.  It  is  somewhat  di£S- 
cult  to  explain,  since  from  its  shape  and  position  it  does  not 
seem  likely  to  be  the  reflection  of  any  preceding  wave.  It  may 
be  suggested  as  possible  thaft  it  may  be  a  wave  dne  to  the  auri- 
cular systole,  transmitted  through  the  unopened'  aortic- valves. 
This  explanation?  would  agree  with  its  position-  in  point  of  time, 
although  it  would  hardly  be  thought  likely  that  such*  an  effect 
would  be  perceptible. 

The  form  of  curve  usual  in  arteries  near  the  heart  may, 
under  somo  circumstances,  be  entirely  altered.  This  is  shewn 
in  the  carotid  tracing  Fig.  18,  taken-  from  a  case  of  inflamma- 
tory fever,  iii>  which*  the  curve  is  almost  as  dicrotic  as  the  radial 
pulse  of  the  same  person  (Fig.  19).  The  same  thing  appears  in 
Fig.  37,  taken  from  the  aorta  of  a  dog,  exposed  within'  the  tho- 
rax, while  artificial  respiration  was  maintained.  The  tracing 
was  taken  very  soon  after  division  of  the  spinal  cord  below  the 
medulla  oblongata,  the  eflect  of  which  was  suddenly  to  render 
both  aortic  and  femoral  pulses  (Figs.  37  and  37,  A)  highly  di- 
crotic. Pseviou^y  to  this*  the  dicrotic  w»v6  had  been  scarcely 
visible. 

These  two  instances  would  seem  to  shew  thftt  when  dicro- 
tism  is  increased,  the  element  of  the-  dicrotic  wave  which  is 
augmented  i»  generally  that  which  originates  close  to  the 
valves.  An.  example  of  an  opposite  kind  is  shewn  in  the  series 
of  tracings  (Fig^.  40,  41,  and  42)  from  the  carotid,  radial,  and 
dorsalis  pedis  arteries  of  a  patient  having  a  healthy  vascular 
system,  but  great  relaxation  of  arteries.  The  carotid  pulse 
(Fig.  40)  is  heie  moderately  dicrotic,  the  radial  (Fig.  4I4)  highly 
BO,  while  in  the  dorsalis  pedis  (Fig.  42)  the  dicrotic-  wave  has 
altogether  disappeared,  and  the  tidal>wave  has  become  more 
marked.  My  present  belief,  however,  is,  that  the  first  of  the 
two  causes  to  which  I  have  attributed  the  dicrotic  wave^ 
namely,  the  oscillation  near  to  the  valves,  is  generally  the  most 
important,  and  that  the  great  variation  of  dicrotism  which  oc« 
curred  in  this  patient  is  exceptional. 

It  is  possible  that  if,  in  a  section  of  artery  at  some  distance 
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from  the  aortic  valves,  the  systolic  wave  had  become  more  lofty, 
and  more  sudden  in  its  conclusion,  than  it  was  near  the  valves, 
it  might  be  followed  in  that  section  by  a  greater  proportionate 
fall  of  pressure  and  consequent  increased  reflux,  which  meeting 
with  the  advancing  dicrotic  wave  might  cause  an  increased 
second  expansion.  The  dicrotic  wave  would  then  be  progres- 
sively  increased  by  an  increasing  oscillation  in  the  several  sec- 
tions, of  a  kind  analogous  to  that  which  first  produced  it  at  the 
aortic  valves,  and  apart  from  any  oscillation  set  up  by  inertia  of 
arterial  walls.  Almost  invariably,  however,  the  down-stroke  of 
the  systolic  wave  becomes  progressively  more  gradual,  although 
its  up-stroke  in  some  cases  may  retain  or  even  increase  its  steep- 
ness. The  great  transformation  of  the  pulse-wave  in  the  pa- 
tient just  referred  to  (Figs.  40,  41,  42)  was  associated  with  a 
very  slow  rate  of  transmission  of  the  wave,  the  velocity  of  which 
must  have  been  as  low  as  16  feet  per  second.  Thus  is  inciden- 
tally shewn  the  fallacy  of  the  view  of  Dr  Sanderson,  that  the 
apparent  retardation  of  the  pulse  in  distant  arteries  is  due  to 
the  tidal  and  not  the  primary  wave  being  noticed  by  the  finger, 
for  in  this  case  the  tidal  wave  in  the  radial  pulse  is  but  slightly 
marked,  and  far  smaller  than  the  dicrotia  It  is  generally  to  be 
observed,  that  there  is  a  much  more  variable,  and,  on  the  aver- 
age, a  much  lower  velocity  of  the  wave  in  arteries,  than  was 
found  to  be  the  case  in  the  schema,  where  the  velocity  varied 
only  between  about  60  and  90  feet  per  second.  This  seems  due 
to  the  greater  thickness  of  the  india-rubber  tube-walls,  and  is 
probably  to  be  associated  with  the  fact  that  it  requires  a  greater 
length  of  india-rubber  tube  than  of  artery  to  produce  the  same 
amount  of  change  in  the  pulse-wave.  Professor  A.  H.  Garrod 
has  estimated  the  velocity  of  the  primary  wave  seen  in  the 
pulse-curve  by  the  very  exact  method  of  taking  simultaneous 
tracings  upon  the  same  stage  from  the  radial  and  posterior  tibial 
arteries\  If  the  rate  of  transmission  be  supposed  uniform  in 
the  two  arteries,  his  results  give  a  velocity  varying  between  25 
and  SO  feet  per  second. 

In  the  carotid  trace  Fig.  40,  the  dicrotic  wave  C  is  broken 
into  two,  and  the  same  thing  is  often  seen  in  tracings  taken 

,  ^  Praceedinji  of  the  Boy  at  Society ,  No.  167, 1867. 
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fix)ra  the  schema  not  very  far  from  the  valves.  It  may  be  seen 
in  Fig.  3,  and  is  just  visible  ^so  in  Fig.  6.  This  is  analogous  to  . 
the  division  of  the  systolic  wave  into  primary  and  predicrotic, 
and  thus  indicates  suddenness  of  commencement.  As  the  wave 
recedes  from  the  heart,  the  two  parts  become  blended  into  one, 
as  will  be  seen  by  comparing  the  corresponding  tracings  taken 
at  a  distance,  namely,  Figs.  4,  7,  and  41. 

There  is  one  respect  in  which  the  tracings  at  different  points 
of  arteries  differ  from  those  taken  from  the  schema,  namely, 
that  there  is  not  the.  same  constant  alteration  of  the  relative  po- 
sition of  the  tidal  wave.  In  tracings  from  the  schema,  we  have 
seen  that  the  interval  between  the  commencements  of  primary 
and  tidal  waves  is  slightly  greater  at  an  increased  distance  from 
the  heart.  This  holds  true  also  in  a  considerable  number  of 
tracings  taken  from  arteries  (compare  Fig.  14  with  IS,  26  with 
27  and  28,  40  with  41),  but  exceptions  are  numerous.  Thus 
the  interval  is  less  in  the  radial  pulse  Fig.  12,  than  in  the 
carotid  Fig.  11,  less  in  the  dorsalis  pedis  Fig.  36,  than  in  the 
radial  Fig.  35,  and  much  less  in  the  dorsalis  pedis  Fig.  42,  than 
in  either  the  carotid  Fig.  40,  or  the  radial  Fig.  41.  On  mea- 
suring the  traces  it  is  found  that,  when  this  is  so,  the  time 
occupied  in  the  main  up-stroke  is,  in  the  distant  artery,  not 
greater  than,  or  is  even  less  than,  that  at  the  point  nearer  the 
heart ;  that  is  to  say,  that  the  front  of  the  wave  has  retained  its 
steepness,  or  has  grown  even  steeper  during  its  progress.  The 
facts  then  do  not  admit  of  the  supposition  that  the  tidal  wave 
is  always  transmitted  with  either  a  less  or  e^.  greater  velocity 
than  the  primary.  They  are  rather  to  be  explained  on  the 
ground  that,  in  general,  the  primary  up-stroke  becomes  more 
gradual,  and  attains  its  summit  more  slowly,  after  it  has  tra- 
versed a  greater  distance,  and  then  the  oscillatory  predicrotic 
wave,  or  the  oscillation  due  to  the  sphygmograph,  occurs  also 
after  a  longer  interval  In  some  cases,  however,  the  primary 
^p-stroke  does  not  undergo  this  change,  and  then  there  is  no 
comparative  retardation  of  the  tidal  wave  in  the  more  distant 
artery. 

The  fact  just  alluded  to,  that  in  some  cases  the  primary 
wave  does  not,  for  a  considerable  distance,  tend  to  lose  any  of 
its  suddenness,  brings  us  to  the  consideration  of  a  general  pro- 
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gressive  chaoge  of  shape,  noticeable  in  the  systolic  part  of  the 
.  pulse- wave.  This  consist*  in  a  shaving  oflf  of  the  right-hand  por- 
tion of  the  systolic  eminence,  made*  up  of  the  rounded  tidal  wave, 
while  at  the  same  time  the  primary  summit  becomes  narrow, 
and  comparatively  loftier  than  before.      It  may  be  described 
as  a  change  in  the  shape  of  the  fundamental  wave,  by  which 
more  and  more  of  its  volume  iis  piled  up  in  the  front  of  the 
wave,  that  is  to-  say,  at  its  left-hand  side,  as  it  appears  in  the 
trace.     This  transformation  may  be  seen  by  comparing  tracings 
1  with  2;  3  with  4,  6  with  7,  43  with  44,  all  of  wtich  were 
taken  from  the  schema.     It  is  still  more  manifest  in  many 
cases  after  transmission  of  the  pulse-wave  through  a  much 
shorter  length  of  artery  (compare  Fig.  11  with  12  and  13,  14 
with  15,  26  with  27  and  28,  33  with  35  and  36,  46  with  47). 
The  result  of  this  is  that  the  tidal  wave,  which  near  the  heart 
is  made  up  in  great  measure  of  the  rounded  summit  or  shoulder 
of  the  fundamental  wave  (vide  Figs.  14  and  33),  becomes  of 
less  and  less  importance  in  approaching  l^e  distal  arteries, 
where  it  may  consist  of  Kttle  more  than  the  oscillatory  predi- 
erotic  wave,  or  the  oscillatory  wave  set  up  by  the  sphygmograph, 
both  of  which  are  comparatively  small  (vide  Figs.  2  and  35, 
compared  with  1  and  33).     The  type  of  healthy  pulse  therefore 
differs  widely  in  different  arteries,  and  a  curve  which  in  the 
carotid  is  healthy  would  be  a  proof  of  atheroma  if  found  in  the 
radial  artery,  while  on  the  other  hand  the  subject  of  atheroma 
moderate  in  degree  may  have  a  pulse-curve  in  the  dorsalis 
pedis  like  that  in  the  radial  of  a  healthy  person.     When  the 
tidal  wave  is  but  small  originally,  it  may  entirely  disappear  at 
a  distance.     Thus  it  has  almost  vanished  in  Fig.  7  and  entirely 
so  in  Fig.  44,  both  tracings  taken  from  the  schema;  in  Fig.  36 
from  the  dorsalis  pedis  it  is  but  slight,  and  it  is  generally  but 
little  marked  in  this  artery  when  the  vascular  system  is  healthy. 
The  change  of  shape  in  the  whole  w»ve  appears  to  include 
not  only  the  systolic  but  also  the  diastolic  portion,  so  that  this 
becomes  flatter,  and  of  less  volume,  and  the  point  of  com- 
mencement of  the  dicrotic  wave  is  nearer  the  base-line  of  the 
curve  (compare  Fig.  11  with  13,  14  with  16,  26  with  28,  33 
with  36).    When  the  change  is  more  marked  than  usual,  the 
suddenness  of  the  up-stroke  may  become  actually  greater  as  it 
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proceeds  (compare  Figs.  11  and  12),  in  opposition  to  the  usual 
tendeucy  of  elastic  tubes  to  render  all  waves  more  gradual. 
And  in  all  cases  the  diminution  of  steepness,  when  it  does  occur, 
is  much  less  m  the  primary  than  it  is  ia  the  dicrotic  wave 
(compare  Figs.  14  and  15,  35  and  36). 

Upon  the  discussion  of  the  mechanical  explanation  of  the 
transformation  undergone  by  the  pulse-wave  I  shall  not  attempt 
to  enter  in  the  present  paper«  The  results  of  my  observa- 
tions are  in  accordaace  with  the  large  number  of  corresponding 
tracings  obtained  by  Wolff  from  the  radial  a.nd  dorsalis  pedis 
arteries  \  He  found  that  in  the  normal  curve  from  the  foot  the 
main  up-stroke  was  slightly  more  slanting  than  in  the  radial 
artery,  and  the  first  secondary  wave  less  marked  But  when 
aortic  regurgitation  or  any  other  cause  of  cardiac  hypertrophy 
existed,  the  first  secondary  wave  was  often  more  marked  than 
in  the  normal  radial  curve>  and  in  about  the  same  relative 
position  {op,  cit.  Fig.  117),  although  less  than  in  the  radial  pulse 
of  the  same  person  (op.  oit  Figs.  33  and  34).  An  instance  of 
a  similar  kind  is  shewn  in  Figs,  15  and  18  of  my  former  paper '. 
Again,  in  senile  degeneration  of  arteries  the  tracings  of  Wolff 
shew  a  first  secondary  or  tidal  wave,  commencing  high  up, 
close  to  the  primary  summit  {op.  cit.  Figs.  109,  110, 112),  such 
as  may  be  found  under  similar  circumstances  in  the  radial 
pulse.  His  observations  shew  another  interesting  result,  which 
well  illustrates  the  fact,  that  the  form  of  curve  depends  on  the 
distance  traversed,  and  not  on  any  local  peculiarity  in  the 
artery.  In  tracings  from  the  dorsalis  pedis  artery  of  children, 
and  in  one  from  a  dwarf  {op,  cit  Figs.  115, 116, 119),  a  first 
secondary  wave  appeared  even  more  marked  than  in  the  normal 
radial  pulse  of  adults,  and  greater  than  was  seen  in  them  in 
the  pulse-curve  of  the  foot,  except  in  cases  of  great  cardiac 
hypertrophy.  From  this  it  would  seem  that  we  ought  to  take 
into  account  the  length  of  a  person's  limbs,  in  estimating  what 
should  be  the  characters  of  his  normal  pulse. 

It  remains  to  notice  the  changes  which  take  place  in  the 
position  of  the  dicrotic  wave.  The  interval  between  the  com- 
mencements of  primary  and  dicrotic  wave  does  not  vary  much, 

1  Charakteristik  de$  ArterienpuUes,  1865. 
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but  I  have  not  found  it  to  be  absolutely  constant.  Thus  in 
Figa  1  and  2,  3  and  4,  from  the  schema,  and  in  Figs.  26  and  28 
from  arteries,  in  all  which  cases  tension  was  high,  there  is 
scarcely  any  perceptible  diflference.  On  the  other  hand,  in 
Figg.  16  and  17  from  the  schema,  and  Figs.  40  and  41  from  the 
human  body,  in  both  which  cases  tension  was  very  low,  the 
interval  is  decidedly  greater  at  the  point  more  distant  from  the 
heart.  This  seems  to  be  true  also  with  the  dicrotic  pulses  from 
the  dorsalis  pedis  shewn  by  Wolff  (op.  cit.  Fig.  120).  The 
point  is  of  some  interest,  since  Professor  A.  H.  Garrod  has 
considered  the  interval  to  be  constant  in  all  cases,  and  on  this 
assumption,  by  superposing  the  cardiac  upon  the  radial  pulse- 
tracing,  has  fgunded  equations  for  calculating  the  "syspasis," 
or  interval  between  the  commencement  of  ventricular  contrac- 
tion, and  the  opening  of  the  aortic  valves*.  His  results  seem 
indeed  to  be  somewhat  improbable  in  themselves,  as  applied 
to  extreme  cases,  for  according  to  the  equations  the  syspdsis 
vanishes  altogether  if  the  pulse-rate  reaches  170,  a  rate  which 
in  rare  cases  may  be  exceeded  in  the  human  body,  and  actually 
assumes  a  negative  value  if  it  passes  beyond  that  point.  In 
these  cases  of  very  low  tension  I  have  found  the  length  of  the 
systolic  portion  of  the  puJse-eurve  to  deviate  somewhat  con- 
siderably from  that  deduced  from  the  equation  given  by  Pro- 
fessor Garrod  as  connecting  it  with  the  pulse-rate.  This  equation 
is  ay'  ^4i7  y  X,  where  x  =  the  pulse-rate,  and  y  =  the  ratio 
borne  by  the  systolic  part  to  the  whole  beat  It  appears  to  be 
approximately  true  in  normal  pulses,  although  I  have  not  found 
the  approximation  to  be  quite  so  close  as  that  observed  by 
Professor  Garrod  himsel£  But  in  Fig.  41  the  observed  value 
of  the  ratio  was  2.15,  the  calculated  value  2.38,  pulse-rate  88. 
The  same  deviation  may  be  found  in  exactly  the  opposite  con- 
dition, namely,  when  tension  is  very  high.  Thus  for  the  patient 
whose  pulse  is  shewn  in  Fig.  21,  the  ratio  as  observed  was  2.33, 
as  calculated  2.50,  pulse-rate  82.  This  retardation  of  the 
dicrotic  wave  may  depend  in  the  former  class  of  cases  upon  a 
slower  transmission  of  its  commencement,  in  the  latter  upon  an 
undue  prolongation  of  systole  in  proportion  to  the  pulse-rate. 
With  regard  to  the  summit  of  the  dicrotic  wave  my  obser- 

1  Proceedinfji  of  the  Poyal  Society,  No.  167,  1875. 
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vations  agree  with  those  of  Wolff  and  of  Professor  Garrod,  in 
shewing  that  its  up-stroke  grows  rapidly  more  slanting,  and 
thus  the  distance  of  its  summit  from  that  of  the  primary  wave 
is  progressively  increased  (compare  Fig.  14  with  15,  26  with 
28,  33  with  36).  If  therefore  we  estimate  the  velocity  of  the 
wave  by  that  of  its  summit,  the  dicrotic  wave  is  transmitted 
much  more  slowly  than  the  primary.  The  same  principle  seems 
to  apply  still  more  to  the  tricrotic  and  other  succeeding  waves. 
Thus  in  an  artery  near  the  heart  we  may  see  several  faint 
waves  after  the  dicrotic ;  in  the  radial  pulse  we  rarely  see  more 
than  at  most  the  tricrotic  (Fig.  85,  D) ;  but  in  the  dorsalis  pedis 
(Fig.  36)  all  waves  beyond  the  dicrotic  are  lost  in  the  suc- 
ceeding beat. 

I  have  introduced  one  tracing,  that  in  Fig.  5,  which  appears 
to  me  to  furnish  a  refutation  both  of  the  more  recent  view  of 
Dr  Sanderson,  that  the  dicrotic  wave  has  nothing  whatever  to 
do  with  the  closure  of  the  aortic  valves,  and  also  of  the  theory 
which  has  been  held  by  some,  that  the  dicrotic  wave  in  each 
segment  of  an  artery  originates  in  that  very  segment,  simply 
from  the  effect  of  the  elasticity  of  the  arterial  walls.  It  repre- 
sents the  radial  pulse  of  a  young  man,  having  healthy  arteries, 
who  was  suffering  from  very  free  aortic  regurgitation,  the 
result  of  rheumatism.  In  this  instance  the  artery  was  elastic, 
the  arterial  tension  was  very  low  during  the  intervals  of  the 
pulse,  and  the  primary  wave  in  the  radial  artery  extremely 
lofty  and  sudden,  although  it  had  quite  a  different  character  in 
the  carotid.  So  far  therefore  as  regarded  tha4i  particular  artery 
the  conditions  known  to  favour  dicrotism  were  present  in  the 
highest  possible  degree,  but  on  referring  .to  the  figure  it  will 
be  seen  that  there  is  little  or  no  dicrotic  wave  present  in  the 
pulse.  The  early  position  of  the  wave  B  shews  that  it  is  the 
tidal  or  predicrotic  and  not  the  dicrotic  wave,  and  the  small 
wave  which  follows  it  is  probably  the  second  oscillation  belonging 
to  the  same  series.  It  seems  that  the  absence  of  a  considerable 
dicrotic  wave  can  only  be  explained  by  a  failure  of  the  wave 
which  originates  near  the  aortic  valves. 

I  think  that  the  general  principle  is  established  by  a  com- 
parison of  all  thef  tracings,  namely,  that  each  small  section  of 
artery  transmits  to  the  section  following  a  wave  differing  very 
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slightly  in  shape  from  that  received  from  the  section  pre* 
ceding,  but  that  the  cumulative  effect  of  a  considerable  length 
of  artery  causes  a  wide  transformation  in  the  general  shape  of 
the  pulse-wave,  as  well  as  in  its  minor  features. 

EXPLANATION  OF  PLATE  XIV. 

The  tracings  have  been  copied  by  photo-lithography,  and  are  repre* 
sented  of  the  original  siza  In  tracings  taken  from  the  smaller  arteries 
the  magnifying  power  used  was  that  usual  in  the  sphygmograph,  namely,  an 
amplification  of  the  original  motion  about  90  times  in  vertical  height  In 
tracings  from  the  schema,  or  from  large  arteries,  a  less  magnifying  power 
was  used,  and  in  such  cases  the  amount  of  amplification  is  speclBed 
in  tiie  description  of  each  trace.  In  the  simultaneous  tracings  taken  from 
the  schema  the  clockwork  movement  of  the  instruments  used  was  not 
precisely  uniform,  being  generally  somewhat  slower  in  that  placed  at  the 
greater  distance  from  the  heart  The  letter  A  denotes  the  primary,  B  the 
tidal  or  first  secondary,  C  the  dicrotic,  2>  the  tricrotic  wave. 

Fig.  1.  From  main  trunk  of  schema,  10  inches  from  aortic  valves : 
arterial  tension  somewhat  high.  The  main  trunk  used  in  this  experi- 
ment was  of  not  very  distensible  tubing.  Amplified  20  times  in  vertical 
height 

Fig.  2.  Tracing  simultaneous  with  Fig.  1,  from  a  small  tube  at  a 
distance  of  6  feet    Amplified  40  times. 

Fig.  3.  From  main  trunk  of  schema  18  inches  from  valves :  arterial 
tension  somewhat  high.  In  this  and  subsequent  cases  (except  Figs.  29  and 
30)  the  main  trunk  was  of  more  distensible  tubing.    Amplined  20  times. 

Fig.  4  Tracing  simultaneous  with  Fig.  3,  taken  from  a  small  tube  at  a 
distance  of  4h  feet    Amplified  40  times. 

Fig.  6.  The  ladial  pulse  of  a  man  set  22,  sufiering  from  free  aortic 
reg^uiipri^tion.    Pressure,  4  oz. 

F^;.  6.  From  main  trunk  of  schema,  18  inches  from  aortic  valves. 
Artenal  tension  somewhat  low.    Amplified  20  tiroes. 

Fig.  7.  Tracing  simultaneous  with  fig.  6^  from  a  small  tube  at  a  dis* 
tance  of  4^  feet.    Amplified  40  times. 

Fig.  8.  From  schema  close  to  aortic  valves :  tubes  filled  with  air. 
Amplified  20  times. 

Fig.  9.  Tracing  simultaneous  with  Fig.  8,  from  a  small  tube  at  a 
distance  of  4^  feet    Amplified  40  times. 

Fig.  10.  Tracing  simultaneous  with  Fig.  8,  from  a  small  tube  at  a 
distance  of  9  feet    Amplified  90  times. 

Fig.  11.  From  the  carotid  artery  of  a  woman  set  22,  suffering  from 
free  aortic  regurgitation.    Amplified  40  times. 

Fig.  12.  From  the  radial  artery  of  the  same  patient.  Pressure, 
3^  oz. 

Fig.  13.  From  the  dorsalis  pedis  artery  of  the  same  patient  Pressure, 
2oz. 

Fig.  14.  From  an  aneurismal  dilatation  of  the  ascending  aorta,  taken 
in  the  second  right  intercostal  space.     Amplified  40  times. 

Fig.  15.    From  the  radial  artery  of  the  same  patient    Pressure,  3  oz. 

Fig.  16.  From  schema,  close  to  aortic  valves :  arterial  tension  low. 
Amplified  20  times. 

Fig.  17.  Tracing  simultaneous  with  Fig.  16,  from  a  small  tube  at  a 
distance  of  9  feet    Amplified  80  times. 

Fig.  18.  From  the  carotid  artery  of  a  girl  set  17,  suffering  from  a 
lumbar  abscess.    T.  102^.  6.    Amplified  40  times. 
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Fig  19.    From  the  radial  artery  of  the  same  patient    Pressure,  2  oz. 

Fig.'ll.  Radial  pulse  of  a  woman  set  20,  the  subject  of  acute  Bright's 
disease.     Pressure,  4  oz. 

Fig.  22.    From  the  same  pulse  at  a  pressure  of  5  oz. 

Fig.  2:i.    From  the  same  pulse  at  a  pressure  of  6  oz. 

Fig.  24.  Radial  pulse  of  a  man  set.  62,  having  atheromatous  arteries. 
Pressure,  3  oz. 

Fig.  25.    From  the  same  pulse  at  a  pressure  of  6  oz. 

Fig,  26.  From  the  carotid  artery  of  a  man  set  66,  having  somewhat 
atheromatous  vessels.  Amplified  35  times.  lu  this  and  the  two  following 
tracings  an  instrument  was  used  having  a  slower  clockwork  movement 

Fig.  27.  From  the  radial  artery  of  the  same  person.  Pressure,  3  oz. 
Amplified  60  times. 

I'ig  28.  From  the  dorsalis  pedis  artery  of  the  same  person.  Pressure, 
4  oz.    Amplified  60  times. 

Fig.  29.  From  schema  close  to  aortic  valves;  arterial  tension  some- 
what high,  heart's  action  sudden.  In  this  experiment,  as  in  that  depicted 
in  figs.  1  and  2,  the  main  trunk  of  the  schema  was  composed  of  not  very 
distensible  tubing.    Amplified  20  times. 

Fig.  30.  Tracing  simultaneous  with  fig.  29,  from  the  main  trunk  at  a 
distance  of  18  inches.    Amplified  20  times. 

Fig.  31.  From  the  radial  artery  of  a  healthy  man  having  a  full  soft 
pulse.    Pressure,  3  oz. 

Fig.  32.  Tuken  from  the  same  pulse  while  the  artery  was  compressed 
at  a  distance  of  3  inches.     Pressure,  3  oz. 

Fig.  33.  From  the  carotid  artery  of  a  healthy  man  set  26.  Amplified 
30  times. 

Fig.  34.    From  the  facial  artery  of  the  same  person. 

Fig.  35.     From  the  radial  artery  of  the  same  person.  Pressure,  4  oz. 

Pig.  36.  From  the  dorsalis  pedis  artery  of  the  same  person.  Pressure, 
3  oz. 

Fig.  37.  From  the  aorta  of  a  dog,  exposed  within  the  thorax,  while 
artificial  respiration  was  maintained.  Taken  shortly  after  division  of  the 
spinal  cord  below  the  medulla  oblongata.    Amplified  25  times. 

Fig.  37,  A.  From  the  femoral  artery  of  the  dog  under  the  same  circum- 
stances. 

Fig.  38.  From  the  radial  artery  of  a  man  set  30,  the  subject  of 
Ansemia  Lymphatica,  having  very  relaxed  arteries  and  a  temperature  of 
100^    Pressure,  1  oz. 

Fig.  39.  TflJcen  from  the  same  pulse,  while  the  small  secondary  spring 
was  applied  to  the  long  lever  of  the  sphygmograph.    Pressure,  1  oz. 

Fig.  40.  From  the  carotid  artery  of  the  same  patient  Amplified  30 
times. 

Fig.  41.    From  the  radial  artery  of  the  same  patient    Pressure,  2  oz. 

Fig.  42.  From  the  dorsalis  pedis  artery  of  the  same  patient  Pressure, 
3  oz. 

Fig.  43.  From  main  trunk  of  schema,  18  inches  from  valves.  Arterial 
tension  somewhat  low,  as  in  Fig&  6,  7,  bu^  heart's  oontraction  shorter. 
Amplified  20  times. 

Fig.  44.  Tracing  simultaneous  with  Fig.  43,  from  a  small  tube  at  a 
distance  of  4}  feet    Amplified  40  times. 

Fig.  45.  Taken  from  schema  close  to  aortic  valves.  Heart's  contrac- 
tion sudden  in  first  beat ;  afterwards  made  progressively  more  prolonged 
and  steady.    Amplified  20  times. 

Fig.  46.  From  an  aneurismal  dilatation  of  the  ascending  aorta,  taken 
in  the  second  right  intercostal  space.    Amplified  20  times. 

Fig.  47.    From  the  radial  artery  of  the  same  patient    Pressure,  3  oz. 
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NOTES  ON  THE  BRONCHO  -  (ESOPHAGEAL  AND 
PLEURO-CESOPHAGEAL  MUSCLES.  By  D.  J.  Cun- 
ningham, M.B.,  late  Demonstrator  of  Anatomy,  Univer- 
sity  of  Edinburgh. 

To  Prof.  Hyrtl  the  credit  is  due  of  first  having  described 
these  muscular  slips  {Zeitschrifi  der  Oesellschaft  der  Aertze  z^a 
Wien,  1844,  S.  155).  Two  years  later,  Sir  J.  Paget*  when 
taking  notice  of  his  paper  on  this  subject,  confirmed  his  obser- 
vations, but  since  then  the  subject  seems  to  have  remained 
quiescent  in  this  country,  for  in  most  of  our  text-books  of 
anatomy  they  are  not  mentioned  at  all,  and  in  those,  in  which 
they  are,  the  description  is  brief,  and  they  are  spoken  of  as 
occuiTing  'sometimes'  or 'rarely.*  Indeed,  I  was  ignorant  of 
their  existence  until,  about  nine  months  ago,  my  attention  was 
called  by  a  student,  who  was  dissecting  the  posterior  mediasti- 
num, to  a  thick  fleshy  band  crossing  the  aorta  from  the  oeso- 
phagus to  the  left  pleura.  On  consulting  the  seventh  edition 
of  Quain's  Anatomy,  I  found  a  note,  p.  822,  stating  that  the 
longitudinal  fibres  of  the  oesophagus  are  sometimes  reinforced 
by  two  bands,  proceeding,  the  one  from  the  left  bronchus  and 
the  other  from  the  left  pleura.  I  then  proceeded  to  make 
a  series  of  special  dissections  of  the  thoracic  portion  of  the 
oesophagus,  with  the  view  of  throwing,  if  possible,  a  little  more 
light  upon  the  subject.     The  following  are  my  results. 

I  have  now  made  fourteen  dissections,  and  in  aU  of  these, 
with  one  exception,  the  pleuro-oesophageal  slip  or  slips  were 
present,  whilst  in  ten  cases  both  the  pleuro-  and  broncho- 
oesophageal  muscles  were  found.  The  exceptional  case  in 
which  I  could  discover  neither  the  one  nor  the  other,  was  that 
of  a  decrepit  old  man,  whose,  lower  limbs  and  one  of  his  upper 
extremities  had  been  paralysed  for  many  years,  and  whose 
muscular  system  in  consequence  was  much  wasted  and  fattily 
degenerated.  Whether  this  had  anything  to  do  with  the 
absence  of  the  oesophageal  slips  it  is  hard  to  say.  The  muscular 
fibres  of  the  oesophagus  were  extremely  pale,  and  the  con- 

'  Beport  in  Mfdieo-Chirurgical  Review ^  1846. 
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nective  tissue  around  it  plentiful,  so  it  is  possible  that  they 
may  have  been  overlooked  in  the  dissection. 

PleurO'Ceaophageal  Muscle. — To  expose  this  it  is  best  to 
make  the  dissection  from  the  front  by  removing  the  heart. 
A  longitudinal  incision  should  then  be  made  through  the  peri- 
cardium, where  it  forms  the  anterior  wall  of  the  posterior 
mediastinum,  in  a  line  corresponding  to  the  centre  of  the 
oesophagus.  The  pericardium  should  then  be  raised  and  care- 
fully turned  outwards  from  right  to  left  to  the  point  where  it  is 
joined  by  the  left  pleura.  With  a  little  careful  dissection  the 
pleuro-oBsophageal  slip  will  be  seen  arising  from  the  pleura, 
where  it  passes  over  the  thoracic  aorta.,  and  forms  the  left 
boundary  of  the  posterior  mediastinum.  From  this  origin  it 
arches  over  the  aorta  to  the  left  margin  of  the  oesophagus,  into 
which  its  muscular  fibres  enter  and  diverge — a  few  taking  an 
upward  direction,  but  the  great  majority  passing  down  towards 
the  stomach. 

In  size  it  varies  much.  In  one  case  it  was  1^  inches  broad 
and  1^  inches  long,  and  constituted  a  thin  sheet  of  muscular 
fibres  connecting  the  oesophagus  to  the  pleura  very  eflFectually. 
In  the  majority  of  cases,  however,  it  did  not  exceed  J  to  J  an 
inch  in  breadth,  but  in  these  cases  it  was  generally  more  fleshy, 
and  was,  perhaps,  accompanied  by  a  second  or  even  a  third  slip, 
very  much  smaller,  but  having  the  same  connections.  In  some 
cases,  indeed,  no  distinct  band  was  to  be  found,  simply  a  great 
number  of  muscular  fasciculi  or  bundles,  which  passing  out- 
wards from  the  anterior  surface  of  the  oesophagus,  as  well  as 
from  its  left  margin,  joined  with  each  other  to  form  a  series  of 
muscular  arcades.  Of  these  some  were  lost  in  the  loose  cellular 
tissue,  whilst  others  had  a  distinct  connection  with  the  left 
pleura.  I  have  seen  as  many  as  six  of  these  oesophageal  slips. 
When  one  band  alone  is  present,  its  usual  position  is  at  a  point 
corresponding  to  the  eighth  dorsal  vertebra. 

Broncho'Cesaphageal  Muscle. — ^To  expose  this  a  further  dis- 
section is  necessary.  The  left  bronchus  must  be  cut  through 
close  to  where  it  enters  the  lung  and  the  latter  removed ;  then 
fixing  a  hook  into  the  cut  end  of  the  bronchus  it  should  be 
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drawn  gently  forwards.     In  the  loose  tissue  between  it  and  the 
oesophagus  the  muscle  is  found. 

In  no  case  is  this  so  well  marked  as  the  pleuro-cesophageal 
muscle,  and,  as  we  have  seen,  it  was  altogether  absent  in  four  out 
of  the  fourteen  cases.  It  is  generally  double  and  represented 
by  two  slips  springing  from  the  posterior  aspect  of  the  bronchus, 
and,  expanding  as  th^y  pass  downwards  and  backwards,  their 
constituent  fibres  mingle  with  the  longitudinal  muscular  fibres 
on  the  anterior  surface  of  the  oesophagus.  In  size  these  slips 
vary  but  little,  being  usually  nothing  more  than  two  muscular 
fasciculi,  with  a  circumference  not  greater  than  a  piece  of  whip- 
cord. In  one  case,  however,  the  highest  slip  was  fully  J  inch 
in  breadth  and  flattened  out  like  a  ribbon.  They  enter  the 
oesophagus  at  a  point  a  little  above  the  level  of  the  pleuro- 
oesophageal  muscle. 

But  these  are  not  all  the  muscular  connections  of  the  oeso- 
phagus in  the  thorax.  I  have  in  one  or  two  cases  seen  muscular 
fasciculi  pass  from  the  anterior  surface  of  the  oesophagus  to  be 
inserted  into  the  pericardium,  and  also  sometimes  into  the 
angle  formed  by  the  point  of  contact  between  the  pleura  and 
pericardium,  in  other  words,  into  the  left  anterior  comer  of  the 
posterior  mediastinum.  In  Henle's  work  upon  Systematic  Ana- 
tomy,  I  notice  that  Treitz  has  not  only  described  these  but  also 
others  which  pass  to  the  right  wall  of  the  mediastinum,  to  the 
trachea,  to  the  thoracic  aorta  and  to  the  left  subclavian  artery. 
I  have  on  several  occasions  looked  for  these  latter,  but  have 
never  been  able  to  find  them. 

It  is  very  difficult  to  ascribe  any  definite  action  to  these 
muscular  slips.  Various  theories  have  been  advanced,  but  all 
are,  more  or  less,  unsatisfactory.  Hyrtl  considered  that  the  two 
muscles  acted  together — the  broncho-oesophageal  pulling  the 
posterior  wall  of  the  bronchus  outwards,  whilst  the  pleuro- 
oesophageal  held  the  oesophagus  in  a  downward  direction.  He 
was  obliged  to  depart  from  this  view,  however,  by  the  occasional 
absence  of  the  broncho-oesophageal  slip.  Henle,  on  the  other 
hand\  believes  that  they  protect  the  arteries  from  pressure  and 
friction.      According  to  him  the   broncho-oesophageal,  during 

'  Handbuch  der  syxteviatischen  Anatoniie^  Vol.  ii.  p.  152. 
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swallowing,  draws  the  oesophagus  forwards,  and  in  this  way 
moderates  the  pressure  of  the  bolus  of  food  upon  the  bronchial 
artery.  The  pleuro-cesophageal,  on  the  other  hand,  protects  the 
oesophageal  vessels.  This  explanation  must  strike  every  one 
as  being  very  far-fetched,  and  with  regard  to  the  oesophageal 
arteries  altogether  erroneous,  because  these  vessels,  where  they 
have  any  connection  at  all  with  the  muscular  slips,  lie  behind 
them,  and  must,  consequently,  be  compressed — not  protected — 
by  them  when  they  contract.  I  have  thought  much  upon  this 
point,  but  the  only  reasonable  explanation  which  1  am  able  to 
offer  is  that  these  muscles  by  their  attachments  serve  to  give 
the  oesophagus  fixed  points  upon  which  it  can  contract  the 
more  readily  in  the  process  of  swallowing.  Probably  also  they 
may  have  some  influence  in  restoring  the  gullet  to  its  right 
position  after  each  descent  it  makes  with  the  diaphragm  in 
inspiration. 


ON  THE  SUMMATION  OF  ELECTRICAL  STIMULI 
APPLIED  TO  THE  SKIN.  By  William  Stirling, 
D.Sc.,  M.D.,  Demonstrator  of  Practical  Physiology  in  the 
University  of  Edinburgh^. 

The  experiments  which  form  the  basis  of  the  present  communi- 
cation were  perfonned  in  the  Physiological  Laboratory  of  Prof. 
Ludwig  of  Leipzig,  to  whom  and  also  to  Prof.  Kronecker  I  am 
deeply  indebted  for  many  useful  hints  and  much  valuable 
assistance  rendered  me  during  the  course  of  the  investigation. 

In  the  older  papers  upon  reflex  action,  the  time  which 
elapsed  between  the  application  of  a  stimulus  to  a  sensory  nerve 
and  the  beginning  of  the  resulting  movement  remained  quite 
unnoticed. 

Prochaska'  thought  that  the  nerves  "  took  up  the  external  and 
internal  impressions  of  the  stimuli  and  oonducted  them  with  a  light- 
ning-like speed  to  their  destination.'*  Even  Joh.  Miiller,  who  was 
acquainted  with  the  peculiarity  of  the  "  individual  error/'  like  Bessel, 
ascribed  the  difference  in  time  which  elapses  between  the  perception 
of  an  impression  upon  the  eye  (by  observing  an  audible  pendulum) 
and  the  marking  of  the  same,  to  this,  that  we  cannot  perceive  two 
sensations  simultaneously  (through  eye  and  ear).  Miiller  adds,  "The 
time  required  for  the  propagation  of  a  sensation  from  the  sui'faoe  of 
the  brain  and  spinal  marrow,  and  for  the  reflected  action  pi*oducing 
contractions  of  the  muscles,  is  immeasurably  short.  Frogs  poisoned 
with  opium  or  nux  vomica  are,  at  first,  in  a  state  of  sudi  excessive 
sensibility  that  the  slightest  touch  on  the  skin  excites  convulsions  of 
the  whole  body.  Here  the  impression  made  on  the  skin  is  propa- 
gated firat  to  the  spinal  cord,  and  from  the  cord  to  all  the  muscles, 
and,  nevertheless,  I  have  been  unable  to  detect  the  slightest  interval 
between  the  moment  when  the  skin  was  touched  and  the  occurrence 
of  tlie  muscular  spasms'." 

In  the  fundamental  treatise  of  Edward  Weber,  "Muskelbewegung^,'' 
there  is  the  first  notice,  as  far  as  I  am  aware,  of  the  pause  which 

1  This  paper  has  already  been  published  in  extenso  in  German  (Ueber  die 
Smnmstion  elektrischer  Haatreize,  BeriehU  der  kUn,  slicks,  Gesellseh.  d.  Wis- 
sensch.  math.-phys.  Classe,  December,  1874),  and  was  also  presented  to  the 
Uniyersity  of  Edinburgh  as  a  prize  Thesis  for  graduation  in  medicine. 

*  Pkysiologie  d.  Menschen,  1840,  Bd.  i.  p.  186. 

>  Joh.  Miiller,  Handbueh  der  Physiologie  d.  Menschen  (Elements  of  Physi- 
ology), 1848,  Bd.  I.  p.  5^,    Translated  by  W.  Baly,  Vol.  i.  p.  781. 

^  Wagner^s  Handwbrterhueh  d,  Physiologie,  Bd.  xxi.  Abth.  ii.  19. 
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exists  between  the  application  of  the  stimulus  and  the  reflex  move- 
ment. He  records  that  in  a  beheaded  frog,  one  of  whose  sciatic 
nerves  was  isohtted  and  stimulrited  with  the  electro-magnetic  rotation 
apparatus,  that  "  the  movements  did  not  occur  at  the  same  moment 
in  which  the  galvanic  current  began,  as  ia  the  case  when  the  spinal 
cord  or  nerves  were  stimulated  directly,  but  nevei'theless,  in  spite  of 
the  powerful  action  of  the  appai-atus,  a  considerable  time  always 
elapsed  before  the  movements  followed." 

The  first  measurements  of  this  time  ''of  latent  stimulation"  we 
owe  to  Helmholtz*.  The  time  necessary  for  the  conveyance  of  an 
impression  from  the  sensory  to  the  motor  root  in  the  spinal  cord  he 
estimated  at  ^^  to  -^  of  a  second  and  more,  i.e.  twelve  times  as  long 
as  the  time  necessary  for  the  excitation  to  pass  along  the  sensory  and 
motor  nerves.  The  duration  ia  specially  long  when  the  frog,  poisoned 
with  strychnine,  possesses  a  high  reflex  excitability. 

S.  Exner'  "measured  the  sensoiy  conduction  in  the  spinal  cord 
in  man."  He  reckons  the  rapidity  of  propagation  in  the  spinal  cord 
(taking  the  rapidity  of  propagation  in  the  nerves  at  62  meters  per 
second)  at  8  meters  i)er  second.  The  ''time  of  reaction  ('Reactions- 
zeit')  increases  with  fatigue,  diminishes  with  increasing  intensity  of 
the  stimulus  and  in  consequence  of  exercise." 

Wundt'  also  found  that  the  time  of  latent  stimulation  diminished 
with  increase  in  the  strength  of  the  current.  At  the  same  time  he  re- 
marks (what  Yolkmann  and  Weber  had  concluded  from  simple  observa- 
tion) that  the  curve  of  the  reflex  contraction  is  of  much  longer  duration 
than  that  which  is  obtained  by  direct  stimulation.  After  poisoning 
with  strj'chnine  the  minimal  contraction  is  also  longer  than  the  one 
obtained  under  normal  conditions.  "  With  increased  action  of  the 
poison  it  very  soon  passes  into  a  tetanic  contraction,  so  that  the 
time  of  latent  stimulation  can  be  increased  to  more  than  twice  its 
usual  duitition.  Sometimes  the  difierences  in  the  time  of  latent 
stimulation  with  strong  and  weak  stimuli  increase  enormously." 

Rosenthal^  found  that  the  reflex  time  ("  Keflexzeit "),  i.e.  "the 
time  necessary  for  the  transference  of  a  sensory  stimulus  to  a  motor- 
nerve,"  on  stimulating  (with  simple  electrical  shocks  1)  the  intact 
skin  or  the  exposed  nerves,  was  dependent  on  the  strength  of  the 
stimulus,  "so  ^at  with  very  strong  stimuli  it  may  become  imper- 
ceptibly small."  He  did  not  employ  such  stimuli  as  gave  the  maxi- 
mum of  reflex  action.  "The  time  also  of  transverse  conduction 
("Querleitung") — i.e,  the  diflereuce  in  time  between  the  reflex 
time  from  one  point  on  the  skin  to  a  muscle  situated  on  the  same 
side,  and  the  r^ex  time  from  the  corresponding  point  on  the  skin 
to  the  muscle  of  the  opposite  side — with  sufficient  stimuli  reaches 
a   maximum,   which  becomes   smaller  with  over-maximal  stimuli, 


^  BerichU  d.  k.  Akademxe  d,  Wissensch.  zu  Berlin,  1854,  p.  828. 

*  Die  experimenteUe  Untersuehuna  der  einfachsten  phynologischen  Proces$e, 
PflUg.  Areh.,  1873.    Bd.  vii.  633  and  638. 

*  PhysiologiMche  Psychologies  Leipzig,  1874,  p.  262. 

*  Berichte  der  Akademie  der  Wissenschaften  zu  Berlin,  1873. 
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and  quite  inappreciable  with  very  strong  ones."  Both  latent 
times  increase  with  the  fatigue.  *'The  reflex  time  is  greater  for 
a  point  further  removed  from  the  spinal  cord,  than  for  a  nearer 
one;  with  strong  stimuli  the  difference  is  small."  S.  Exuer^  also 
found,  that  the  time  of  reaction  like  the  reflex  time,  (closure  of  the 
eyelid  after  electrical  stimulation  of  the  cornea)  with  strong  stimuli 
is  smaller  than  with  weaker  stimuli  (0.05 — 0.06  sees.). 

Schifi*^  asserts  that  "  the  time  which  is  necessary  for  the  occur- 
rence of  reflex  movements  is  longer,  the  more  the  thickness  of  the 
gray  suV^tance  at  one  point  which  lies  between  the  point  stimulated 
and  the  part  to  be  moved  is  dimiiiiahed  by  incisions  into  the  spinal 
cord  (only  tried  at  one  point  in  the  length  of  the  spinal  cord  in 
frogsV 

When  several  single  stimuli  are  applied  to  sensory  nei-ves  with  a 
certain  frequency  their  effects  become  summated  in  the  oruan  which 
pi'oduces  the  reflex  act.  Methodical  investigations  upon  this  point 
have  up  to  this  time  been  wanting.  Of  the  investigations  upon  this 
subject  those  of  Setschenow  are  the  most  extensive.  In  his  memo- 
graph  "  XJeber  die  elektrische  und  chemische  Reizung  der  sensiblen 
Hflckenmarknerven  des  Frosches'"  he  gives  as  the  result  of  one 
serifes  of  obsei'vations,  "  The  reflex  and  locomotor  centra  possess  in  a 
high  degi*ee  the  property  of  summing  up  individual  impulses  com- 
municated to  them"  (p.  25).  The  central  end  of  the  sciatic  nerve  of 
a  frog  was  stimulated  by  the  closing  and  opening  of  a  constant  cur- 
rent. ^'The  limit  of  the  summation  of  the  effects  of  single  shocks  in 
the  time  (t.  e,  how  often  shocks  of  a  given  strength  and  direction  must 
succeed  each  other  in  order  that  a  summation  of  their  effects  may 
take  place)  could  not  be  estimated  by  my  appai*atus  "  (p.  11). 

He  employed  frogs  from  which  only  the  cerebral  heminpheres 
were  removed,  and  cites  one  or  two  experiments ;  but  remarks  that 
"  these  experiments  must  be  further  investigated."  "  Increase  of  the 
current  or  increase  in  the  number  of  interruptions  causes  the  result 
under  similar  conditions  to  follow  more  quickly"  (p.  12).  By  means 
of  induction -shocks  also,  each  single  shock  having  very  little  effect, 
very  considerable  effects  can  be  obtained  when  the  Wagner's  hammer 
is  allowed  to  vibrate*.  A  similar  increase  of  the  effect  with  the 
strength  and  duration  of  the  stimulus  as  has  been  shown  for  electrical 
stimulation,  has  already  been  nhown  (Tiirck*)  to  be  true  for  chemical 
(dilute  sulphuric  acid)  stimulation,  and  this  point  has  been  methodi- 
cally investigated  by  W.  Baxt*.  The  latent  effect  of  very  dilute  acid 
(0.0006  per  cent.)  may  last  even  as  long  as  two  minutes.  Baxt 
found  that  the  times  of  action  (from  the  dipping  of  the  limb  into 
the  dilute  acid  until  it  was  again  withdrawn)  increased  in  a  geometri- 
cal progression,  whilst  the  degree  of  acidity  followed  an  arithmetical 

^  Pftilg.  i4rc/i.,1874,  p.  531. 

«  l^hrbuch  d,  Physiologie,  Jahr.  1868—59,  p.  228. 

'  O^raz,  UnwergUatS'Buehhandlungf  1868. 

*  P.  14.  Compare  Fick,  Pjlilg.  Arch.,  1878.   Bd.  in.  p.  329,  Wundt.  1.  c.  p.  262. 

fi  ZeiUchrift  der  Qes.  d.  Aertze,  Wien,  1850.  Heft  in. 

^  Arbeiten  aus  d.  phiji.  Amtalt  zu  Leipzig,  1871. 
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one  (p.  86).  '*  The  stimulating  action  of  the  acid  therefore,  does  not 
depend  alone  upon  the  quantity  which  penetrates  to  the  nerve,  but 
also  upon  the  rapidity  with  which  the  diffusion  occurs.  While  the 
quantity  of  acid  which  penetmtes  to  the  nerve  is  equal  to  the  pro- 
duct of  the  density  into  the  time  of  diffusion,  and  while  with  its 
diminishing  density,  the  time  of  diffusion  necessary  for  a  contraction 
increases  more  rapidly  than  the  acid  has  diminished  in  density,  it 
therefore  follows,  that  for  the  production  of  a  contraction,  more  acid 
must  have  passed  in,  the  slower  it  has  penetrated.'* 

This  condition  is  easily  explained  if  we  assimie  that  each  particle  of 
acid  coming  to  the  nerve  pixnluces  therein  a  periodic  process,  a  kind  of 
momentary  impulse,  e.g,  of  induction-shock.  According  to  this  view 
of  the  question^  what  causes  the  stimulation  is  not  the  number  of  par- 
ticles of  a^id  present  in  the  nerve,  but  the  number  of  particles  of  acid 
which  penetrate  to  it  in  the  unit  of  time;  or  otherwise  expressed,  it  is 
not  the  condition  remaining  after  the  entrance  of  the  acid  which  pro- 
duces the  excitation,  but  only  the  act  of  decomposition,  or  the  changes 
in  the  nerve-mass.  ''  The  possibility  of  producing  conti-actions  would 
come  to  the  acid  when  its  masses  followed  more  rapidly  than  the 
course  of  the  nervous  excitations,  so  that  each  successive  particle  of 
acid  sti*engtheued  the  movement  induced  in  the  nerve-mass  by  its 
pi'edeoessor^" 

To  test  and  prove  this  view  by  means  of  analytical  electrical 
experiments  was  the  task  set  me  by  Professor  Ludwig. 

The  animal  experimented  on  was  JSana  escuienta.  The 
braiQ  and  spinal  cord  were  destroyed  as  far  down  as  the  origin 
of  the  brachial  plexus,  and  to  prevent  bleeding  the  upper  part 
of  the  canal  was  plugged.  The  animal  was  suspended  by  the 
very  practical  support  of  Sanders-Ezn*,  the  head  being  fixed  in 
a  small  clamp.  The  part  stimulated  was  one  foot  "The  effect 
of  stimuli  which  produce '  reflex  movements  is  modified  and 
increased  by  the  peripheral  expansions  of  the  nerves."  This 
was  expressed  by  Volkmann'  even  in  1838,  who  showed  how 
much  more  sensitive  the  skin  is,  than  are  the  nerves,  which  run 
from  the  skin  to  the  coverings  of  the  muscles. 

Setschenow  placed  his  electrodes  on  the  sciatic  nerve  of  the  frog 
after  amputating  the  limb  as  high  up  as  possible,  following  the  pro- 
cedure of  Marianini*  and  Pfliiger*.  Fick  also  chose  the  small  cuta- 
neous nerve-trunks  instead  of  the  skin.     He  found  (like  Volkmann) 

1  W.  Baxt,  L  c.  p.  87. 

^  Arbeiten  aus  d.  physioL  Anstalt  zu  Leipzig,  1867,  p.  16. 

8  Muller'a  Arch.,  p.  26. 

*  E.  du  Boifl  Reymond*B  Untersuchungen  ilb,  thieruche  Electricitat,  Bd.  i. 

1848,  p.  359. 

*  Ueb.  d.  elekt.   Empfindungen,  Vntersuch,    aiu  den  physiol.  LciboraU    zu, 
Bonn.    BerHn,  1865,  p.  155. 
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that  stimulation  of  the  skin  produced  washiug-moTementB,  and  that 
extraordinarily  strong  induction-shocks  were  necessary  to  obtain  reflex 
movements  from  the  trunk  of  the  sciatic,  whilst  an  extremely  weak 
stimulus  applied  to  the  skin  produced  energetic  movements  (p.  328). 
Nevertheless  he  did  not  employ  cutaneous  stimuli  Boeenthal  (1.  c.) 
seems  to  have  stimulated  the  skin  electrically,  though  in  his  pre- 
liminary communication  he  does  not  give  his  metliod.  W'undt 
only  speaks  of  stimulation  of  the  centiul  end  of  a  sensory  nerve-root 
(p.  261). 

Meiiitiizen^  rejects  the  skin  as  the  point  of  application  of  the 
stimulus,  ''because  the  contractions  by  direct  stimulation  of  the 
muscles  render  it  impossible  to  employ  the  skin  of  an  extremity  for 
electrical  stimulation  without  further  preparation." 

I  have  tried  to  free  stimulation  of  the  skin  from  all  these 
imperfections,  and  have  found  that  the  results  obtained  were  by 
no  means  less  precise  than  by  electrical  stimulation  of  a  nerve- 
trunk.  The  foot  must  always  be  kept  moist  with  ordinary 
water,  and  the  electrodes  must  be  so  adjusted  that  they  do  not 
stimulate  mechanically  nor  change  their  place. 

The  arrangement  of  the  experiment  most  employed  is  ren- 
dered  plain  by  the  following  schema  Fig.  1. 

•        Fig.  1. 


»  Pfliiger't  Arch.,  187S.    Bd.  vu.  p.  202. 
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Three  pens  F',  F",  F'",  wrote  with  anilin  hlue — horizontally 
above  each  other  on  an  endless  strip  of  paper  rolled  on  a  kymo- 
graphion  which  moved  with  a  regular  velocity.  As  long  as  the 
pens  were  at  rest  the  lines  drawn  were  horizontal,  parallel,  and 
straight.  The  lowest  pen  F'  was  by  means  of  an  electro-magnet 
drawn  down  several  mm.  as  long  as  the  seconds-pendulum  P 
at  the  end  of  each  vibration  completed  the  time-marking  circuit 

( ).     The  middle  pen  F'^  was  fixed  to  a  secondary  closure 

N,  which  was  introduced  into  the  course  of  the  induced  current 
(4-+++H-).  As  long  as  the  key  was  depressed  and  the  pen  F' 
kept  down,  it  conducted  away  the  current  from  the  preparation, 
which  therefore  was  stimulated  as  long  as  the  line  drawn  by 
F"  ran  high.  The  upper  pen  F"'  was  elevated  by  the  counter- 
poise G,  as  soon  as  the  foot  of  the  frog  was  raised  from  the 
plate  fixed  to  the  lever  H. 

The  electrical  stimuli  which  caused  the  reflex  movements 
were  applied  to  the  skin  of  the  foot  by  two  loops  D,  D'  of  fine 
gold  thread,  which  surrounded  the  ankle-joint  and  removed 
from  each  other  about  5  mm.  The  threads  were  well  isolated 
by  sheet  gutta  percha  and  ran  to  the  secondary  spiral  S"  of  a 
du  Bois  Beymond's  inductorium  which  was  graduated  into 
units*.  The  primary  spiral  S'  supplied  by  two  Grove's  elements 
was  interrupted  and  closed  at  the  mercury  contact  O  at  the 
requisite  intervals  by  a  metronome  or  a  RuhmkorflTs  interrupter. 
The  wires  I  and  in  (Fig.  2)  conducted  the  primary  current  to 
and  from  the  interrupter,  whose  essential  parts  are  here  figured. 
The  transverse  bar  g  sent  a  platinum  style  to  the  Hg.  contact 
0,  from  which  it  was  pulled  out  when  the  magnet  p  was  at- 
tracted by  the  electro-magnet  %.  The  contact  thus  broken 
interrupted  the  current,  rendered  the  electro-magnet  ineffective, 
and  the  bar  g  was  permitted  to  spring  back.  Thus  the  vibra- 
tion of  the  pendulum  is  induced  and  maintained  just  as  in  the 
Wagner's  hammer  of  an  induction-machine.  The  moveable 
ball  h  on  the  pendulum  permits  the  complete  duration  of  a 
vibration  of  the  pendulum-system  being  varied  between  the 
limits  f ''— i".  By  the  vessel  o,  which  may  be  raised  or  depressed, 
the  contact  can  be  so  regulated  that  it  only  takes  place  in  the 

I  Pick's  Untersueh.  aus  d.  pkya.  Labor.  tL  ZUrich,  Hochtckule,    Wien,  1869, 
p.  38. 
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quiescent  condition  of  the  pendulum;  i.  e,  an  opening  induction- 
current  is  produced  as  soon  as  the  magnet  is  set  in  action. 
After  I"  vibrations  the  contact  is  again  completed  (closing- 
shock),  again  after  J"  vibrations  (whilst  the  style  dips  in  and 
out  of  the  Hg.)  an  opening-shock,  and  so  on,  i.e.  in  equal 
intervals  of  half  the  duration  of  a  vibration  alternately  one 
opening  and  one  closing  shock.  By  an  arrangement  similar  to 
that  of  Helmholtz  on  the  induction-machine  the  oppositely 
directed  induction-shocks  can  be  made  of  very  nearly  equal 
intensity.  The  opening  spark,  however,  never  completely  dis- 
appears. 

The  Washing-Apparatus.    (Fig.  2.) 

This  apparatus  is  meant  to  keep  the  Hg.  contact  (0  in  Fig. 
1,  0  in  Fig.  2)  free  from  the  isolated  particles  which  are  formed 
at  the  point  of  breaking  the  primary  current,  and  which 
influence  the  constant  completeness  of  the  resistance  and  there- 
with the  intensity  of  the  current. 

The  layer  of  alcohol  which,  following  Poggendorf  \  stands 
over  the  Hg.  to  weaken  the  spark  at  the  point  of  interruption,  is 
constantly  being  made  dirty  by  particles  of  oxydised  mercury, 
and  must  be  continually  renewed.  This  is  done  by  a  fine 
stream  (regulated  by  a  glass  stop-cock  s)  which  flows  from  a 
small  funnel  b  filled  with  dilute  alcohol,  through  the  tube  a 
into  the  contact-glass.  The  overflow  through  the  syphon-tube  r 
into  the  glass /is  so  arranged  that  the  circulating  alcohol  stands 
at  a  level  of  1  centimeter  above  the  Hg.  In  order  that  the 
small  filter  may  remain  constantly  full,  a  Mariettas  flask  is  placed 
above  it.  Thi'ough  the  bottom  of  this,  a  glass  tube  5  mm.  in 
diameter  is  fitted  water-tight.  It  projects  for  2ctm.  into  the 
funnel.  A  conical  glass  rod  is  placed  in  the  tube  as  a  moveable 
valve.  The  pointed  end  of  the  valve  projects  below  somewhat 
beyond  the  tube,  so  that  it  is  raised  by  the  wall  of  the  funnel 
as  soon  as  the  flask  is  placed  thereon.  An  ascending  tube  b 
(I  ctm.  diam.)  fills  up  a  second  hole  in  the  bottom  of  the  flask, 
and  ends  in  an  obliquely  ground  opening  1  ctm.  under  the  bottom 
of  the  flask,  whilst  its  upper  end  reaches  into  the  space  filled 

1  Anmlen,  Bd.  94.  p.  389. 
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with  air  in  the  Mariott'a  flask.  If  this  is  filled,  its  contents 
run  into  the  funnel  until  the  mouth  of  the  a-scending  tube  is 
closed  by  the  level  of  the  fluid.  Then  the  fluid  ia  prevented 
by  the  pressure  of  tlie  outer  air,  which  cannot  be  equalised 
with  that  within  the  flask,  from  passing  out  through  the  valve- 
tube,  till  the  level,  by  being  caused  to  sink,  allows  air-bubbles  to 
rise  through  the  ascending  tube.  Thus  the  level  of  the  fluid 
under  the  wall  of  the  funnel  is  kept  at  a  constant  height. 
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At  first  I  applied  the  most  frequent  possible  stimuli  to  the 
skin  of  the  frogs  prepared  as  above  described.  The  primary 
current  was  interrupted  by  the  Wagner's  hammer  of  du  Bois 
Reymond's  inductorium  or  by  a  Konig's  tuning-fork  of  100  com- 
plete vibrations. 

Minimal  stimuli  acted  even  after  very  short  time  of  latent 
stimulation,  and  soon  lost  their  effect,  if  at  least  half  a  minute's 
rest  was  not  given  between  the  periods  of  stimulation.  In- 
creased currents  produced  reflex  movements  after  very  short 
latency.  If  such  discharges,  however,  were  often  produced  in 
pauses  of  five  to  ten  seconds,  the  times  of  latent  stimulation 
increased  to  three  and  exceptionally  to  five  seconds.  Simul- 
taneously the  reflex  contractions  become  weaker.  The  duration 
of  the  latency  could  not  be  essentially  diminished  by  strength- 
ening the  frequent  stimuli.  When  ineffective  stimuli  were 
rapidly  strengthened,  the  reflex  act  occurred  with  an  intensity  of 
the  current  which  remained  powerless  when  the  current  was 
gradually  strengthened  to  the  same  degree.  The  often  proved 
observation,  that  the  reflex  minimal  contraction  produced  by 
frequent  stimulation  after  a  short  latent  period,  and  that 
strengthened  stimuli  are  not  able  essentially  to  shorten  the  dura- 
tion of  the  latency,  seem  to  indicate,  that  the  great  differences  in 
the  duration  of  latent  stimulation  of  the  limb  dipped  in  acid, 
are  not  caused  by  varying  intensity  of  impulses  of  equally  high 
frequency.  I  therefore  tried  to  observe  the  effect  of  a  change 
in  the  frequency  of  the  stimuli.  Slow  vibration  of  Wagner's 
hammer  (about  ¥i  per  second)  appeared  sometimes  to  cause 
the  limb  to  move  reflexly  after  somewhat  longer  latency  than 
the  rapidly  following  shocks  of  the  high-sounding  spring.  This 
result  was  however  highly  doubtful,  and  was  probably  caused 
by  irregularities  in  the  contact.  Nor  did  I  observe  any  great 
difference  in  the  latency  whether  the  stimuli  were  weak  or 
strong,  when  I  gave  the  limb  48  induction-shocks  per  second. 
Only  the  amount  of  contraction  increased  with  the  strength  of 
the  current,  and  the  latency  only  where  the  fatigue  became 
apparent;  in  that  for  equally  strong  stimuli  it  increased  the 
duration  of  the  latency.  This  observation  may  be  explained  by 
the  following  example.  At  the  beginning  of  the  corresponding 
experiment,  stimuli  of  different  intensities  following  each  other 
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at  large  intervals  were  compared.  In  such  a  case,  the  latency 
was  essentially  lengthened,  when  the  intensity  of  the  current 
diminished. 

For  the  convenience  of  tabular  arrangement  the  amount  or 
extent  of  contraction  is  divided  into  four  degrees,  thus:  degree  I. 
means  elevation  of  the  foot  alone,  degree  II.  flexion  of  the  leg 
at  the  knee,  degree  III.  flexion  of  the  thigh  and  leg  (at  knee 
and  hip-joint),  degree  IV.  violent  repeated  spasms  of  one  or  both 
lower  extremities. 

A  0  under  "Degree  of  contraction"  indicates  that  in  the 
corresponding  period  of  stimulation  no  reflex  movement  oc* 
curred.  The  sign  oo  under  ^'Latent  time"  also  shows  that  the 
expected  contraction  did  not  occur. 


Table  I. 


Shows,  how  with  small  interval  of  stimulation  the  times  of  latent 
stimulation  are  independent  of  the  strength  of  the  stimulus. 


Periods  of  rest  between  the 

Inteiral  of 

Strength  of  stimulus 

Latent  time  in 

periods  of  Btimulation. 

stimulation. 

in  Units  (^. 

seconds. 

80  seconds 

i" 

200 

0,8 

ft 

150 

0,4 

»* 

100 

4,4 

tt 

125 

1,6 

1  minute 

125 

2,3 

80  seconds 

125 

2,0 

>f 

150 

1.5 

>> 

175 

1.0 

») 

200 

1,0 

f» 

150 

2,0 

t9 

%V 

150 

1.2 

ff 

100 

00 

2  minutes 

125 

1.2 

80  seconds 

125 

1,6 

)> 

125 

1,3 

»» 

150 

1.5 

»» 

175 

1,0 

ft 

150 

1,4 

ft 

175 

1,8 

f> 

150 

1,8 

tt 

175 

1,6 

»» 

200 

1.6 

ft 

200 

00 
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Table  II. 

Shows,  how  with  small  interval  of  stimulation  the  times  of  latent 
stimulation  are  independent  of  the  strength  of  the  stimulus,  but  the 
degree  of  contraction  however  varying  therewith. 


Pniods  of  rest  be- 
tween the  periods 
of  stimulation. 

Interval  of 

Strength  of  stimulos 

Latent  time 

Degree  of 

stimulation. 

in  Units  {£). 

in  seconds. 

contraction. 

30  seconds 

i" 

50 

0,14 

I  (after  0,6"  111) 
I  (after  1,0"  III) 

n 

25 

0,5 

»t 

20 

0,5 

I  (after  2,0"  III) 

>» 

15 

1,3 

I  (after  2,5"  III) 

II 

10    . 

2,0 

I  (after  3,0"  TIT) 

10  minnteB 

in 

10 

0,5 

n 

30  seconds 

^  "^ 

30 

0,8 

n 

40 

0,3 

I 

40 

0,3 

u 

37 

0,3 

I 

i                70 

0,3 

ni 

60 

0,3 

u 

55 

0,3 

I 

45 

0,4 

minimal 

45 

0 

60 

0 

55 

0,5 

I 

60 

0,5 

I 

65 

0,7 

I 

70 

0.7 

I 

80 

1.0 

I 

90 

0 

A   • 

100 

1.0 

I 

125 

0 

These  examples  are  selected  because  in  the  one  case  the 
latent  times,  in  spite  of  comparatively  strong  and  frequent 
stimuli,  soon  become  large,  whilst  in  the  other  case  only  with 
long  intervals  and  the  weak  stimuli  does  the  latency  become 
considerably  lengthened,  while  with  a  rapid  succession  of  shocks, 
until  the  preparation  is  nearly  dead,  the  latent  times  remain 
small.  In  both  examples,  no  dependence  of  the  latent  times 
upon  the  intensity  of  frequent  stimulation  is  to  be  observed. 
The  stimuli  must  be  gradually  strengthened  to  obtain  any 
eflfect  whatever,  and  must  also  act  longer  before  they  produce  a 
contraction.  Already  howev^er,  before  the  time  of  latent  stimu- 
lation bad  reached  two  seconds,  the  excitability  is  generally 
extinquished.  At  the  same  time  the  contractions  become  small, 
i.e.  only  the  foot  is  slightly  raised.    This  agrees  with  the  obser- 
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vatioDs  of  Volkmann*  "that  the  extension  of  the  reflex  move- 
ment is  pronouncedly  dependent  on  the  strength  of  the  stimuli 
and  the  degree  of  excitability/' 

The  above-cited  variations  in  the  excitability  of  different  frogs 
led  me  to  investigate  whether  the  excitability  of  the  qpinal  cord 
changed  with  the  general  conditions  under  which  the  animal  is 
placed.  Calling  to  mind  the  observation  of  Leube*  made 
under  RosenthaFs  direction,  and  its  extension  by  Uspensy^  that 
''apnoea"  (produced  by  strong  artificial  respiration)  extin- 
guished the  occurrence  of  reflex  exchange  in  the  spinal  cord,  I 
tried  if  powerful  ventilation  of  the  lungs  influenced  the  reflex 
processes.  Although,  on  accoOnt  of  the  important  cutaneous 
respiration  in  frogs  a  smaller  effect  was  to  be  expected  in  them 
than  in  mammalia,  still  a  long  series  of  experiments  convinced 
me,  that  artificial  respiration  of  different  depths  and  frequency 
exercises  no  influence  on  the  reflex  excitability  of  frogs.  On  the 
contrary,  most  of  the  preparations  which  lasted  for  a  long  time 
showed  an  increase  of  excitability  at  the  beginning  of  the 
experiment  (which  was  generally  begun  from  a  quarter  to 
half  an  hour  after  section  of  the  spinal  cord),  and  often  it  was 
to  be  observed  on  fresh  (winter)  preparations,  that  weak  stimuli 
were  more  effective  after  stronger  ones  than  before  them; — 
modifications  in  the  excitability,  such  as  have  been  observed 
in  the  motor-nerves  by  Wundt*,  Tiirck'  and  W.  Baxt'  on  reflex 
preparations  with  chemical  stimulation.  In  general,  the  ex- 
citability diminishes  with  the  time,  but  in  very  different 
degrees,  according  to  the  individuality  of  the  preparations 
placed  under  similar  external  conditions.  Qenerally  the  limb 
with  the  piece  of  spinal  cord  from  which  it  is  supplied  with 
nerves  hangs  motionless  until  a  stimulus  of  sufficient  strength 
is  applied  to  it.  The  oftener  it  has  been  stimulated,  the 
stronger  must  the  impulses  be  to  give  a  reflex  action.  The 
smaller  the  periods  of  rest  between  the  stimulations,  the  sooner 
is  the  excitability  lost.  This  may  be  kept  constant  for  a  long 
time  when  the  periods  of  rest  vary  from  three  to  ten  minutes. 

1  MUlUr*s  Arch.,  1S88,  p.  33. 

'  Tteiehert  and  da  BaU'ReytttotuPi  AreK,  1867. 

»  IHd.  1868. 

«  Ibid  1859,  p.  537. 

<>  Sitgungtb,  d,  Oesell.  d  Atrtze  gu  Wien,  1850,  Not.  '  L  c  p.  74. 
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After  having  found  in  the  first  series  of  experiments  that 
with  a  rapid  succession  of  shocks,  the  strength  of  the  reflex 
action  varies  with  the  intensity  of  the  stimuli,  but  that  the 
latent  times  do  not,  I  tested  the  influence  of  varying  strength  of 
current  with  medium  succession  of  stimuli  On  employing  a 
moderate  interval  of  stimulation  (J"  to  -j^")  the  duration  of 
the  latent  stimulation  diminished,  when  the  sub-maximal  in- 
tensity of  ciurent  was  increased. 

The  following  table  will  serve  to  show  how  the  latency 
varies  with  the  intensity  of  the  current. 

What  was  to  be  observed  from  the  first  half  of  the  previous 
table  is  very  obvious  in  this  one,  viz.  that  the  latent  time 
diminishes  whilst  the  strength  of  the  stimulus  increases.  To 
render  clearer  the  relation  of  the  increase  of  stimulus  and  the 
times  of  latent  stimulation,  I  have  calculated  the  quotients  of 
each  two  neighbouring  current-intensities,  and  the  quotients  of 
each  two  successive  latent  times,  and  placed  their  values  between 
the  times  of  the  two  corresponding  factors.  On  comparing  now 
the  proportions  of  the  strength  of  stimulus  with  the  reciprocal 
relative  numbers  of  the  latent  times  of  similar  height,  then  in 
general  it  is  to  be  observed,  similar  neighbouring  stimulation- 
values  have  also  tolerably  similar  latent  values.  In  a  few  q^kses 
variations  are  to  be  found,  which  however  only  become  marked 
when  the  stimulating  tempo  is  changed;  a  point  which  will  be 
alluded  to  later.  The  inconstancy  sometimes  apparent  in  the 
results  is  not  to  be  ascribed  alone  to  imperfections  in  my  appa- 
ratus, but  also  to  the  variability  of  the  nervous  structures. 

Between  each  two  observations  where  nothing  is  noted 
there  is  always  a  pause  of  half  a  minute. 

In  spite  of  some  irregularities,  it  is  to  be  observed  that  after 
several  periods  of  stimulation  the  excitability^  rises  somewhat, 
so  that  80  units  (E)  produced  a  reflex  action  first  after  1.8 — 2.0" 
and  then  after  1.4 — 1.5". 
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Table  III 

Shows,  the  dependence  of  the  times  of  latent  stimulation,  and  the 
degree  of  contraction  on  the  intensity  of  the  current  used  to  stimu- 
late at  moderate  intervals. 


Rnnning 
number  of 
the  experi- 
ment. 


Interval  of 
rtimnlation. 


Strength  of 

atixnuliui  in 

Unite  (20. 


EeUtion  of  the 


Strength  of 
the  ttunuli 


Latent  timet. 


Latent 

time  in 

seconds. 


Degree  of 
•on  traction. 


1 

A"(A'0 

100 

1,0:1 

1:1,0 

1,0 

n 

2 

100 

1,0:1 

1:1,0 

1,0 

n 

8. 

100 

1,25  :  1 

1:1,8 

1,0 

m 

4 

80 

M:l 

1:1,11 

1,8 

I 

5 

80 

1 : 1.12 

1,66:1 

2,0 

I 

6 

90 

1 :  1,11 

1,09 : 1 

1.2 

II 

7 

100 

1:1,25 

1,1:1 

1.1 

n 

8 

125 

1,89 :  1 

1 : 1,2 

1,0 

11 

9 

90 

1,12 : 1 

1 : 1,17 

1,2 

I 

10 

80 

1,14 : 1 

1,08:1 

1,4 

I 

11 

70 

1,16  :  1 

1,8 

I 

12 

60 

1 : 1.16 

• 

0 

18 

70 

1,0:1 

1:1,05 

1,8 

I 

14 

• 

70 

1 : 1,14 

1,27 : 1 

1,9 

I 

15 

80 

1 :  1,12 

1:1,0 

1,5 

I 

16 

90 

1 : 1,11 

1,25  : 1 

1,5 

I 

17 

100 

1 :  1,25 

1,7:1 

1,2 

n 

18 

125 

1,25  :  1 

1:1,7 

0,7 

IV 

19 

100 

1 : 1,25 

1,5 : 1 

1,2 

IV 

20 

125 

1,25  :  1 

1 : 2,12 

0,8 

iir 

21 

100 

1:1,0 

1,42  : 1 

1,7 

n 

22 

A"(A'0 

100 

1,2 

I 

' 

1 :  1,25 

1,5:1 

28 

125 

1 : 1,20 

2,66:1 

0,8 

I 

24 

159 

1,20  :  1 

1 :  2,66 

0,8 

ni 

22—2 
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^■K                   a 

Belatianoftbe 

Bunning 
number  of 
the  experi- 
ment. 

InterTBlof 
itimubhtion. 

Stranctliof 

■timiuus  in 

Units  (IS) 

Strongthof 
the^muli 

Lnfeent  times. 

l4itent 
time  in 

Degree  of 
oontmction* 

25 

^"(M 

125 

1:1,0 

1,0:1 

0,8 

n 

26 

125 

1:1,20 

1,14 : 1 

0.8 

n 

27 

150 

1,20:1 

1 : 1,14 

0.7 

I 

28 

125 

1 : 1,20 

1,14 : 1 

0,8 

I 

29 

150 

1,0:1 

1 : 1,28 

0.7 

n 

80 

A"  (A") 

150 

1,20 : 1 

1:1,0 

0,9 

n 

81 

125 

1:1,20 

1 : 1,22 

0,9 

I 

82 

150 

1,20 : 1 

1 : 1,09 

1.1 

n 

88 

125 

1 : 1,20 

1,2:1 

1.2 

I 

84 

A"  (A") 

150 

1,20:1 

1:1.7 

1.0 

I 

85 

125 

1:1,20 

2.12 : 1 

1.7 

I 

86 

150 

1 : 1,17 

8,12 : 1 

0,8 

n 

87 

♦ 

176 

1.17  : 1 

1 :  8,12 

0,36 

m(?) 

88 

150 

1 : 1,17 

3,12 : 1 

0,8 

0 

n 

89 

8  M.  Best 

175 

1.17  : 1 

1:5,0 

0,25 

m 

40 

150 

1 : 1,17 

5,0:1 

1,25 

I 

41 

A"  (A") 

175 

1,17  : 1 

1 : 5,0 

0,25 

m 

42 

150 

1 : 1,17 

6,0:1 

1,25 

I 

48 

175 

■ 

• 

1,17 : 1 

1:6,8 

0,25 

m 

44 

150 

f 

1,0:1 

1,18 : 1 

1,7 

I 

45 

150 

1:1.07 

5,0:1 

1,5 

I 

46 

160 

• 

1:1,09 

1,5:1 

0,8 

in 

47 

175 

1,09:1 

1:1,5 

0.2 

ni 

48 

160 

' 

1:1,09 

1.5:1 

0,3 

m 

49 

175 

# 

1,09:1 

1:2,0 

0,2 

m 

50 

160 

1:1,0 

1,83:1 

0,4 

n 

51 

160 

1 :  1,09 

1,5  : 1 

0,3 

n 

52 

175 

# 
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ReUtionofthe 

Banning 

number  of 

ttieeKpai- 

ment 

Interval  of 
stUnuIstion. 

Strenffthof 

gtimmiu  in 

Units  (i^. 

Strenffth  of 
the  BtimulL 

lAtent  times. 

lAtent 
time  in 
seconds. 

Degree  of 
contnotioD. 

1,09:1 

1:1,26 

0,2 

n 

53 

A' (A") 

160 

1:1,0 

1:1,2 

0,25 

n 

64 

160 

1:1,09 

1,5:1 

0,8 

u 

55 

175 

1,09:1 

1:2,0 

0,2 

n 

56 

160 

1:1,09 

2,0:1 

0,4 

n 

57 

175 

1,09:1 

1:1,5 

0,2 

u 

58 

160 

1 : 1,09 

1,5:1 

0,8 

n 

59 

175 

1,09:1 

1:8,5 

60 

160 

1:1,09 

2,88:1 

0,2 

n 

61 

175 

1,09:1 

1:2,83 

0,7 

n 

62 

160 

1:1,09 

2,88 : 1 

0,8 

n 

63 

175 

1,09 : 1 

1 : 2,88 

0,7 

I 

64 

160 

1:1,09 

2,88:1 

0,8 

n 

65 

175 

0,7 

n 

1,09:1 

1 : 8,88 

0,8 

u 

66 

160 

1:1,09 

4,0:1 

1,0 

n 

67 

175 

1,09:1 

1:2,8 

0,25 

u 

68 

160 

1:1,09 

8,5:1 

0,7 

n 

69 

175 

1,09:1 

1:2,0 

0,2 

n 

70 

160 

1:1,09 

2,0:1 

0,4 

n 

71 

175 

1,09:1 

1:4,0 

0,2 

n 

72 

160 

■• 

1:1,09 

8,2:1 

0,8 

I 

78 

175 

1,09:1 

1:8,2 

0,25 

n 

74 

160 

1:1,0 

0,8 

n 

75 

160 

1:1,09 

0 

76 

175 

1,09:1 

1:6,0 

0,2 

n 

77 

160 

1 : 1,0 

1,09:1 

i.a 

n 

78 

160 

1.1 

n 

End  oi  the  Experiment. 
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Apart  from  this  and  other  modifications  in  the  excitability, 
we  find  that  where  the  values  of  the  quotients  of  the  stimuli 
vary  from  1,  the  latency-quotients  also  vary,  and  this  in  the 
opposite  direction,  so  that  diminishing  latent  times  correspond 
to  increasing  stimuli.  But  we  also  see  that  the  quotients  of 
the  stimuli,  and  the  latency-quotients  of  the  same  series,  are 
not  exactly  reciprocal  values  (as  might  have  been  expected). 

It  is  evident  from  this  table,  that  the* tunes  of  latent  stimu- 
lation are  by  no  means  simple  functions  of  the  strength  of  the 
stimidi,  as  one  sees  the  height  of  a  muscular  contraction  de- 
pendent on  the  stimuli  to  motor-nerves;  but  equal  increments 
to  the  stimulus  under  different  conditions  of  excitability  in  the 
same  preparation  correspond  to  quite  different  amounts  of  exci- 
tation. The  results  of  this  observation  may  be  thus  formulated. 
There  is  only  a  small  limit  be^tween  maximal  stimuli  (small 
latent  time)  and  minimal  ones  (large  latency).  K  the  two 
stimuli  which  are  being  compared  are  beyond  the  limit  (i.e. 
both  maximal),  then  the  corresponding  values  of  the  latent 
times  differ  little  from  each  other,  no  matter  how  different  the 
absolute  values  of  the  intensity  of  the  stimuli  may  be.  If  the 
stimulus  however  is  below  the  Umit,  or  in  consequence  of  fatigue, 
comes  into  the  limit  of  the  minimal,  whilst  the  other  one 
therewith  compared  is  above  the  limit,  then  the  effects  of  the 
two  stimulations  vaiy  considerably,  although  their  intensities^ 
estimated  according  to  absolute  values,  may  possibly  show  only 
a  small  difference. 

As  I  thought  over  the  cause  of  this  peculiar  phenomenon  it 
occurred  to  me  that  the  frequency  of  the  stimulation  had  also 
a  great  influence  on  the  latent  time;  and  that  perhaps  with 
the  intensity,  the  frequency  also  of  the  stimuli  employed 
varied.  The  vibrating  rod  which  caused  the  rapid  interrup- 
tions (22  and  30  per  sec.  in  this  experiment)  gave  in  each 
second  11  and  15  closings  and  as  many  openings  of  the  primary 
circuit.  As  the  opening  induction-shocks  are  stronger  stimuli 
than  the  closing  ones,  the  former  will  be  active  with  a  position 
of  the  spirals  when  the  latter  may  still  be  without  effect.  If 
however  by  approximating  the  spirals  the  closing  shocks  also 
become  effective,  then  the  frequency  of  the  effective  stimuli 
becomes  doubled.    Under  this  assumption  (confirmed  later)  I 
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have  placed  in  the  second  column  of  the  table  in  brackets 
double  the  actual  interval  of  stimulation. 

To  prove  this  view  I  tried  to  make  the  alternating  induction 
currents  as  equal  as  possible  by  means  of  a  special  arrange- 
ment of  the  EuhmkorflTs  coil  (p.  330). 

The  following  curve  (Fig.  3)  gives  the  result.  It  is  so  con- 
structed, that  above  every  initial  point  of  the  abscissa  divided 
into  units,  each  of  which  corresponds  to  a  period  of  the  experi- 
ment, together  with  the  pause  (of  one  minute)  the  corre- 
sponding times  of  latent  stimulation  are  drawn  as  ordinates, 
each  unit  in  the  first  ordinate  indicating  one  second.  The 
lines  connecting  the  ends  of  the  ordinates  give  the  curve  of 
latent  times.  The  vertical  thin  lines  which  nm  from  the 
broken  ends  of  the  curves  to  the  upper  line  indicate  that  at 
this  period  no  reflex  act  was  produced,  %,e.  the  latency  may  be 
indicated  as  endlessly  large. 

The  curve  shows,  that  the  duration  of  the  latency  of  a  fresh 
preparation  is  not  essentially  lengthened  when  the  strength  of 
stimulus  is  diminished.  125  E  (E  =  unit)  112,  and  100  units 
all  act  after  nearly  the  same  duration  of  the  stimulation,  whilst 
at  the  10th  period  with  unchanged  strength  of  stimulus  the 
latent  time  gradually  leugtheus  from  3"  to  4".  Here  it  remains 
even  with  80  E.  When  diminished  still  20  E  more,  the  latent 
time  increases  pronouncedly,  and  the  stimulus  (60  E)  soon 
becomes  inefifective  (latency  op ).  The  further  variations  in  the 
strength  of  the  stimulus  and  the  latency  are  indicated  in  the 
curve. 

This  experiment,  confirmed  of  course  by  many  others,  shows 
that  the  duration  of  the  latent  stimulation  by  no  means  so 
essentially  depends  on  the  intensity  of  the  stimulation  as  has 
up  to  this  time  been  imagined.  When  moderate  stimuli,  with 
diminishing  excitability,  becomes  almost  minimal,  the  latent 
times  become  considerably  lengthened,  and  can  again  be  con- 
siderably diminished  by  stronger  stimulation.  We  see  how- 
ever, at  the  same  time,  that  strong  (sub-maximal)  stimuli  are 
not  able,  as  in  the  nerve-muscle  preparations,  to  compensate 
the  weakening  influence  of  the  resulting  actions.  The  power 
of  energising,  which  the  reflex-frog,  apart  from  the  intensity  of 
the  contractions,  shows  through  the  rapidity  of  the  reaction. 
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diminishes  in  a  much  more  irregular  manner  than  in  muscle ; 
its  course  is  not»  like  that  of  the  fatigue  of  muscle^  to  be  obtained 
very  gently  by  large  pauses,  but  towards  the  end  becomes  more 
rapid  and  abrupt,  and  then  ceases  quite  suddenly. 

Very  great  variations  occur  in  individual  frogs  in  the  length 
of  such  fatigue  curves^  and  this  is  true  also  of  currents  in  differ- 
ent directions.  There  is  no  generally  valid  law  of  contraction 
for  reflex  preparations  just  as  for  frog's  muscles  stimulated  with 
the  induced  current  \  The  inconstancy  is  even  greater  in  the 
former. 

In  Fig.  4  are  given  the  results  of  a  series  of  experiments  in 
which  the  effects  of  difterently  directed  induction-currents  in 
the  preparation  were  investigated.  The  shocks  employed  for  each 
period  of  stimulation  were  of  the  same  sort,  the  opening-shocks 
being  conducted  away  from  the  preparation  after  Pfluger's 
method'.  Closing  induction-shocks  passing  in  the  same  direc- 
tion were  reversed  after  every  period  of  stimulation,  so  that  the 
foot  was  stimulated  altenuktely  by  ascending  (t)  and  descending 


Kg.  4. 


60 

40 
S6 
80 


.  1 .  1^-,  ^i 


,..  t  4  .-.   >«f  t  r  ..« 


18  Min.  Beet 

Beflex  preparation  Btimnlated  by  olodng  induotion-Bhoeks  of  20  E  intensity  at 
intervals  of  ^',  Periods 'of  stimnlation  foUow  each  other  at  intervals  of 
8  mins.  alternately  in  descending  (4)  and  ascending  (f )  direction.  The 
absdssa-miits  mark  periods  of  stimulation.  Each  of  the  ordinaie-nnit 
6  sees,  of  latent  stimulation.  The  npper  carve  represents  the  time  of 
strong  reflex  contraction. 


1  H.  Kronecker,  Jlfofiate5«r.  d.  Akad.  d,  Wiuemeh.  zu  Berlin,  1870,  p.  640. 
>  E.  Fflfiger,  Unterwch.  Ub.  d.  Physiol  d.  EUktrotamu,  Berlin,  1858,  p.  180. 
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(i)  currents.    In  Fig.  4  we  will  at  present  only  consider  the 
upper  curve. 

At  the  beginning  of  the  (upper)  curve  we  observe,  that  the 
latent  times  gradually  increase  independent  of  the  direction  of 
the  current.  From  the  8th  period,  the  currents  in  an  ascending 
direction  (t)  begin  to  be  distinguished  by  their  short  latent 
times,  whilst  the  descending  (|)  induction-shocks  require  some- 
what longer  time  than  formerly,  and  once  (17th  period)  24"  to 
produce  a  strong  reflex  act.  After  thirteen  minutes  rest  very 
great  regular  diflferences  in  the  action  of  the  currents  in  both 
directions  are  to  be  noticed,  the  latency  therefore  increases  very 
considerably  (to  more  than  51")  only  for  currents  in  one  direc- 
tion; a  peculiarity  analogous  to  what  is  seen  in  Table  III,  where 
we  see  that  the  latencies  only  slightly  increase  with  the  fatigue 
for  strong  stimuli,  whilst  for  weak  stimuli  largely,  and  that 
therefore  the  quotients  of  the  latent  times  also  exceed  consider- 
ably the  reciprocal  proportions  of  the  stimuli  In  Fig.  4  the 
difference  between  the  actions  of  the  ascending  and  descend- 
ing currents  disappear.  Later  also  the  latent  times  increase 
with  the  fatigue  for  both  directions  of  the  current.  With 
currents  of  greater  intensity  contractions  with  very  short 
latencies  can  be  again  obtained. 

Only  with  infrequent  stimuli  do  the  times  of  latent  stimula- 
tion reach  the  pronounced  value  of  one  minute  and  more.  Only 
in  these  cases  therefore  can  we,  by  change  in  the  intensity  of 
the  stimulus,  observe  great  differences  in  the  latent  time. 

It  was  therefore  to  be  expected  that  the  duration  of  the 
latent  stimulation  would  be  essentially  influenced  by  the  fre- 
quency of  the  stimuli.  The  three  tables  already  given  also 
show  the  influence  of  varying  frequency  of  stimulation. 

In  Table  I.  (p.  333)  in  the  last  line  which  contains  the  interval 
of  stimulation  |^"  the  latent  time  2.0"  is  noted,  which  corresponds 
to  the  strength  of  stimulus  150  units  (E),  whilst  the  next 
period  of  stimulation  of  equal  intensity  with  an  interval  ^" 
only  requires  1.2"  for  a  contraction.  More  pronounced  is  the 
difference  in  Table  II.  (p.  334)  between  two  neighbouring  latency- 
values  2.0"  and  0.6".  In  both  cases  inductionnshocks  of  equal 
intensities  were  applied  to  the  frog's  foot,  but  in  the  first  case 
the  interval  was.  i",  and  in  the  second  ^".     In  Table  III. 
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(p.  337)  there  were  small  changes  in  the  interval  of  stimulation 
{^"  and  r^"),  but  here  the  time  of  latency  varies  in  a  distinct 
manner  with  the  change  in  the  interval 

,       fll  stimuli  (100  E)  per  sec.  acted  after  1,7"  latency. 
*•     tl5      „       (100  E»      „        „        „       1,2"     „ 

(100  E) 


2. 
3. 


fl5 
(11 

\16 


99 
9f 

99 


(100  E) 
(100  E) 
(100  E) 


»» 

*>** 

9f 

0,7'' 

99 

0,9" 

V 

1,0" 

» 

0,8" 

A  view  of  this  table  might  lead  one  to  the  hypothesis  that 
in  every  stage  of  the  excitability  of  the  preparation  a  certain 
number  of  stimuli  of  a  certain  intensity  was  necessary  to  pro- 
duce a  reflex  act  In  the  two  first  parallel  cases  18.7  and  18.0 
stimuli  respectively  were  applied  to  the  limb,  before  it  was 
raised ;  in  the  second  pair  10.5  and  9.9  shocks  were  effective. 
In  the  third  pair  the  limb  reacted  to  the  eleventh  and  twelfth 
shock.    Such  an  assumption  is  only  true  in  very  few  cases. 

A  tabular  arrangement  of  the  number  of  shocks  which 
were  necessary  to  produce  a  reflex  act  in  neighbouring  periods 
of  stimulation  of  equal  intensity,  but  different  intervals,  will  not 
only  serve  to  enfeeble  this  hypothesis,  but  yield  us  other  indica- 
tions. 

Even  a  passing  glance  at  the  following  table  (Table  IV.) 
shows,  that  in  the  same  preparation,  in  the  same  stage  of  excita- 
bility, with  unchanged  intensity  of  stimulus,  the  shorter  latency 
belongs  to  the  smaller  interval  of  stimulation. 

At  the  same  time  it  is  quite  inadmissable  to  compare  the 
results  of  several  periods  in  the  experiment  with  each  other. 

Notwithstanding  all  individual  and  experimental  differences, 
this  much  is  noticed  throughout,  that  frequent  stimuli  of  from  ^" 
interval  downwards,  even  under  unfavourable  circumstances 
(diminished  excitability  and  small  strength  of  current),  do  not 
reach  the  long  latent  times  such  as  belong  to  infrequent  stimuli 
(i"  to  2"). 

The  greater  the  difference  of  the  corresponding  interval 
of  stimulation,  the  greater  is  generally  the  difference  in  the 
times  of  latent  stimulation. 

The  number  of  shocks  required  to  produce  a  reflex  action  are 
given  in  the  fifth  column. 
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Table  IV. 

Shows,  the  inflaence  of  different  intervals  of  stimulation  on  the 
duration  of  the  latent  stimulation* 


Banning  number 

of  the 

Experiment. 

Strength  of 

Stimalos 

in  Units  (^ 

Interval  of 

Stimulation  in 

Seconds. 

Neoeeaaiy  for  the  reflex  movement. 

Daration  of             Number 
Stimulus.                   of 
inSeoonds.              Shocks. 

1 

160 
160 

i 

2,0 
1,2 

16,0 
60,0 

8 

10 
10 

1 

TV 

2,0 
0,6 

8,0 
24,0 

8a 

100 
100 

i 

2,2 

0,8 

17,6 
6,8 

8b 

100 
100 

t 

0.7 
2,4 

14.7 
19,2 

4 

100 
100 

2,8 

0,7 

18,4 
14,7 

6a 

100 
100 

i 

1,7 
0,7 

18,6 
14.7 

6b 

176 
176 

1 

0,26 
1,0 

6,26 
8,0 

6 

20 
20 

i 
i 

7.6 
2,0 

80,0 
16,0 

7 

16 
16 

i 

6,0 
1,0 

20,0 
8,0 

8a 

11 
11 

1 

4,0 
2,0 

16,0 
16,0 

8b 

80 
80 

} 

1,0 
0,6 

4,0 
4,0 

9 

a 

8 

t 

7.0 
8,0 

28,0 
24,0 

10 

10 
10 

i 
i 

6.0 
16,0 

40,0 
60,0 

11 

16 
16 

1,6 
4,0 

12,0 
16,0 

12a 

12 
12 

i 

i 

2.6 

7,0 

12,6 
16,6 

12b 

20 
20 

{ 

80,0 
6,0 

76,0 
26,0 

120 

20 
20 

i 

10,0 
46,0 

60,0 
112,6 

18a 

10 
10 

i 

6,0 
2,6 

12,0 
10,0 

18b 

10 
10 

\ 

4,0 
16,0 

8,0 
16,0 

18o 

10 
10 

i 
i 

19,0 
60,0 

19,0 
88,0 

U 

16 
16 
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6.0 
8,0 

10.0 
12,0 
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Intervmlof 
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Neoenuy  for  the  reflex  movement 

Dontloo  of             Number 
Stimnlns                    of 
inSeoondi.              Bhookf. 

15 

8 
8 

1,0 
2.6 

4,0 
6,0 

16« 

600 
600 

1,0 
8,0 

4,0 
6,0 

16b 

400 
400 

18,0 
80,0 

62,0 
60,0 

17 

16 
16 

46,0 
6,0 

92,0 
20,0 

18 

900 
900 

26,0 
6,0 

60,0 
20,0 

19 

400 
400 

4.6 
84,0 

9,0 
84,0 

20 

1000 
1000 

9.0 
6,6 

9.0 
11,0 

SlA 

1000 
1000 

86,6 
8,6 

17,76 
6,6 

91b 

1000 
1000 

16,6 
66,0 

14,8 
27.6 

89 

600 

600 

2 

6,7 
86,6 

4,86 
17,76 

98 

1000 
1000 

2 

f 

80,0 
68,0 

40,0 
42,0 

From  these  numbers  it  is  obvious  that  one  dare  not  assume 
that  with  unchanged  excitability  of  the  limb,  in  order  to  produce 
a  reflex  act,  a  certain  amount  of  stimulation  is  required,  which 
with  a  yarying  interval  always  requires  a  similar  number  of 
equally  strong  shocks.  The  corresponding  number  of  beats 
in  a  pair  of  experiments  generally  vary  considerably  from 
each  other.  In  hy  far  the  most  cases  a  large  number  of 
beats  belongs  to  the  large  intervals^  %.e.  the  duration  of  the 
latent  stimvlation  is  with  infrequent  stimuli  not  only  absohxtely 
longer  than  with  frequent  ones,  but  also  more  than  is  necessary 
in  order  to  complete  the  similar  ntmiber  of  stimuli.  This  pheno- 
menon has  a  certain  analogy  to  the  result  of  W.  Baxt  (p.  326), 
who  showed  that  the  latent  times  increased  more  rapidly  than 
the  stimulating  acid  increased  in  strength.  The  cause  of  this 
peculiar  phenomenon  I  have  not  yet  had  time  to  investigate. 
Further  from  (5a,  b,  and  8a,  b)  is  to  be  observed,  how  when  the 
intensity  of  the  stimulus  is  great  the  time  of  latency  diminishes 
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somewhat;  fatigue  operating,  as  was  shewn  (p.  842,  Fig.  3),  in  the 
opposite  direction.  The  lengthening  influence  of  fatigue  upon 
the  latency  can  be  compensated  by  increasing  the  stimulus;  but 
this  is  not  valid  in  the  same  degree  for  all  intervals. 

Fig.  5  shows  the  increase  of  the  latency  by  stimulating  with 
shocks  of  different  intervals. 

This  series  of  experiments  shows  how  the  fresh  preparation 
reacts  equally  rapidly  to  stimuli  of  tolerably  different  intensity, 
(20  E  and  12  E)  and  different  intervals  (f  and  f);  *^e  extent 
of  the  second  contraction  however  is  somewhat  greater  than  that 
of  the  next  following  one,  which  only  reaches  the  II.  degree. 

For  the  second  half  of  the  experiment  stimuli  of  15  E  and 
20  E  were  required.  20  E  |"  remained  almost  as  long  without 
effect  as  15  E  ^'\  On  comparing  both  frequencies  the  same 
strength  of  current  being  employed,  the  inferiority  of  the  infre- 
quent stimuli  is  seen  in  a  very  pronounced  manner.  The  latency 
with  f''  is  about  ten  times  as  long  as  for  an  interval  of  ^",  i.e.  for 
an  interval  of  double  the  frequency.  In  the  first  case,  five  times 
as  many  stimuli  were  applied  to  the  nerves  as  in  the  latter. 
At  the  same  time  it  is  to  be  observed  that  the  reflex  movement 
which  occurs  late  is  by  no  means  weaker  than  that  which  occurs 
early.  If,  however,  only  a  weak  discharge  (I.)  takes  place  when 
a  strong  reflex  movement  was  to  be  expected,  then,  either  the 
stimulus  employed  is  ineffective,  or  if  strong  currents  have  been 
employed  we  may  conclude  that  the  preparation  will  soon  die» 
In  piing  I  wo  Jd  remark  that  at  the  boning  of  the  curve 
where  the  large  indentations  begin,  the  increase  in  the  latency 
for  infrequent  stimuli  does  not  occur  directly,  but  a  weak  con- 
traction (O')  instead  of  the  expected  strong  one  occurs,  which 
follows  several  seconds  later.  Such  sub-maximal  reflex  move- 
ments we  will  call  "preliminary"  in  opposition  to  the  ''final"  one. 

Fig.  6  also  is  of  interest  in  consequence  of  the  distribution 
of  the  ''preliminary  reflex",  whose  importance  will  be  considered 
later  in  connection  with  other  phenomena.  This  curve  also 
shows  the  temporary  modification  in  the  excitability,  such  as  I 
have  mentioned  in  Table  III. 

This  curve  shews  that  the  latencies  of  infrequent  stimuli  (|'^ 
are  longer  than  those  of  more  frequent  (J")  ones.  On  trying  to 
increase  the  latency  of  the  frequent  stimuli  by  diminishing  the 
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dure  of  latent  stimiiliition.  Be9cz  prep&ration  stimulated  with  induotion-aiuTetita 
of  Tarylng  intensity  (18  and  20  units),  and  varying  intervals  (4"  and  J").  The 
abBsiBHa-imits  iudioate  poriods  in  the  experimeDt  which  follow  each  otbei  Id 
paueeB  of  three  minutes.  Each  ordinate- unit  is  equal  to  latencies  of  6  seconds. 
The  signs  L  H.  CL  indioata  (p.  &33)  degree  of  oontraation,  the  eirole  0  pre- 
liminary reflex. 

intensity  of  the  current  (to  15  E)  the  reflex  did  not  occur. 
Alternating  stimulationa  with  20  E  \"  int.  and  18  E  J"  int.  re- 
(juired  latencies,  represented  graphically  hy  the  slightly  indented 
piece  of  curve.  Then  there  occurred  a  preliminary  reflex  (Q) 
at  the  time  where  the  final  one  was  to  be  expected,  and  this  was 
delayed  till  45"  after  the  beginning  of  the  stimulation.  The 
further  variations  are  indicated  by  the  curve. 

While  the  two  former  curves  for  comparing  the  action  of 
infrequent  and  frequent  stimuli  presented  absolutely  long 
latencies,  the  following  curve  (Fig.  7)  gives  a  Case  in  which 
the  infrequent  stimuli  (^)  even  at  the  maximum  only  required 
11  seconds,  whilst  the  frequent  ones  (^)  acted  even  after  0.5 
seconds,  and  never  required  more  than  2.5"  to  produce  a  reflex 
act  The  cause  of  this  condition  is  to  be  sought  for  in  the 
tolerably  high  frequency  of  both  successions  of  stimuli  which 
we  are  here  comparing,  and  also  in  individual  variations  of  the 
excitability.  As  a  mean,  however,  the  latent  times  which 
belong  to  the  interval  J"  are  confined  between  the  limits  2"  and 
10",  whibt  for  I"  they  extend  between  0.5"  and  4". 

In  order  that  the  small  variations  in  the  latent  times  may 
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appear  more  clearly,  in  the  construction  of  the  following  curve, 
I  have  made  the  space  between  each  two  lines  equal  1''. 
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Curye  of  times  of  latent  Btimtdation.  Beflez  frog  preparation  stimnlated  with 
indnction-shooks  whose  intensity  remained  constant  in  each  half  of  the 
experiment  (first  30  £  and  then  35  £).  The  intervals  (f  And  VO  alternate. 
The  abscissa-nnits  indicate  minntes,  the  ordinate-nnits  seconds.  The 
degree  of  contraction  is  Indicated  bj  I.  XL  and  IIL  Where  these  are 
omitted  it  is  of  the  normal  final  strength  (III.). 

With  varying  interval  of  stimulation  the  latency  of  the 
fresh  preparation  varies  only  slightly.  Suddenly  however,  the 
times  of  latent  stimulation  for  infrequent  shocks  rise  to  a  high 
value,  whilst  for  frequent  stimuli  the  small  values  remain.  In 
this  experiment  only  the  reflex  contraction  which  occurs  ^r9^  is 
noticed.  The  stimulation  was  interrupted  as  soon  as  the  pre- 
paration had  reacted.  Preliminary  reflexes  are  therefore  always 
noted  as  final.  Hence  is  to  be  partly  explained,  on  taking 
into  account  the  degree  of  contraction,  the  relatively  great 
variations  in  the  latent  times.     We  will  return  to  this  point. 

Up  to  this  time  I  have  only  examined  the  changes  which 
the  duration  of  the  latent  stimulation  undergoes  when  the 
intensity  of  the  stimulating  current  is  changed,  and  when  the 
interval  varies.  Only  occasionally  has  the  effects  of  simulta- 
neous  change  in  both  variables  been  noticed. 

The  next  curve  (Fig.  8)  shows  how  the  reflex  times  conduct 
themselves  when  the  interval  of  stimulation  and  the  strength 
of  the  stimulus  are  varied  in  opposite  directions. 

The  absolute  values  of  the  latent  times  are  here  also  small, 
varying  between  1"  and  8".  We  have  to  deal  with  tolerably 
rapid  shocks.  The  first  part  of  the  toothed  curve  shows 
latencies  varying  with  the  same  strength  of  stimulus,  but  with 
the  intervals  d"  and  V').      When  once  the  same  interval 
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Curve  of  times  of  latent  stimnlation.  Keflex  preparation  stimnlated  with  indue- 
tion-shocks  whose  intensity  was  at  first  kept  constant  while  the  interval  of 
stimulation  varied,  but  later  was  also  changed  in  the  opposite  direction. 
Then  the  intervals  with  constant  strength  of  stimulus  again  alternate ;  lastly, 
both  variables  again.  The  abscissa  marks  periods  in  the  experiment  which 
are  separated  from  each  other  by  intervals  of  3  minutes.  K  indicates  rest 
for  10  minutes.  Each  ordiuate-unit  corresponds  to  1  second.  The  signs  I. 
n.  m.  indicate  the  degree  of  contraction. 

was  retained  the  latent  time  remained  imcbanged.  This  could 
however  be  kept  at  the  same  level  by  combining  a  stronger 
strength  of  current  with  a  smaller  interval;  e.g.  induction- 
shocks  of  20  E  int  ^''  remained  equivalent  to  currents  of 
15  E  int  i'\ 

From  this  experiment  it  is  obvious  that  it  is  possible  to 
compensate  the  diverging  effects  of  stimuli  of  different  fre- 
quency and  intensity,  but  there  is  no  indication  as  to  how 
tibe  two  variables  must  be  chosen  in  order  to  obtain  constant 
latencies. 

One  can  certainly,  with  varying  medium  frequency  of  the 
stimulus,  obtain  latent  times  of  constant  amount,  by  making 
the  stimuli  immoderately  strong ;  but  then  there  always  occurs 
the  minimum  of  latency.  We  may  therefore  say,  that,  by 
variation  in  the  intensity  of  the  individual  shocks,  ike  latent 
time  can  only  he  changed  within  narrow  limits ;  on  the  contrary ^ 
however y  the  graduation  of  the  interval  of  stimulation  affords 
a  means  of  obtaining  extraordinarily  large  variations  in  the 
duration  of  the  latent  stimulation.  Hence  small  differences 
in  the  latency,  caused  by  a  change  in  the  interval,  can  be 
compensated  by  a  change  in  the  intensity  of  the  current, 
whilst  large  ones  cannot. 

Further,  the  time  of  latency  cannot  be  varied  indefinitely 
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by  a  change  in  the  interval  The  intensities  of  the  current 
which  are  sufficient  for  frequent  stimuli  are  not  so  for  infrequent 
ones.  This  we  have  already  seen  in  Figs.  6  and  7.  The  infre- 
quent stimuli  (at  first  of  very  e£fective  intensity)  even  there 
were  soon  without  effect,  without  maximal  latencies  having  been 
obtained.  We  must  strengthen  the  intensity  of  the  current 
in  order  to  obtain  results  from  the  infrequent  stimuli.  The 
more  the  interval  of  stimulation  is  increased,  the  more  powerful 
must  be  the  strength  of  the  current  which  is  necessary  to 
produce  a  reflex  act. 

Table  V. 

Shows,  how  the  times  of  latent  stimulation  increase  with  the 
interval  of  stimidation ;  infi-equent  stimuli,  to  be  effective,  soon  re- 
quire very  strong  currents,  which  rapidly  extinguish  the  excitability. 
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In  the  table  the   bracketed  numbers  indicate  the  latent 
times  of   successive  reflex    contractions    ("preliminary"  and 
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Tablb  VI. 

Shows,  how  very  m&^uent  stimuli  only  producing  reflex  move- 
ments  from  the  fresh  preparation  when  the  strength  of  current  is 
extraordinarily  powerful,  how  they  soon  become  ineSective ;  and  how 
with  sinking  excitability  refuse  to  act  with  intervals  of  stimulation 
always  becoming  smaller. 
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"final").  It  is  noticeable  that  the  latent  times  for  smali^ in- 
tervals (0.25")  which  are  at  first  short,  become  extraordinarily 
long  after  the  periods  of  strong  stimulation  with  large  intervals, 
even  with  the  same  strength  of  stimulus;  and  can  only  be 
diminished  to  the  ordinary  amount  by  relatively  strong  cur- 
rents, whilst  we  have  generally  seen  that  as  a  rule  they  remain 
at  the  same  level,  in  spite  of  larger  latencies  going  between,  the 
intensity  of  the  current  being  little  changed. 

The  more  distant  are  the  stimuli  chosen,  the  earlier  in  the 
stage  of  fatigue  do  they  become  completely  inactive.  Induction 
shocks  (closing  and  opening)  following  at  intervals  of  2.5"  I 
have  only  several  times  seen  effective,  and  that  on  employing  a 
very  powerful  stimulus  with  fresh  preparations.  The  duration  of 
the  latent  stimulation  in  such  a  case  was  very  short  (Table  VI.). 
Soon  the  excitability  was  extinguished  for  frequent  stimuli,  and 
then  gradually  for  those  becoming  always  more  frequent.  The 
extraordinarily  intense  shocks,  even  when  the  preparation  was 
about  to  die,  had  not  long  latent  times.  Suddenly,  the  ex- 
citability was  completely  extinguished,  even  to  the  generally 
infallible  pinching. 

Very  strong  stimuli  therefore  act  very  rapidly  in  a  delete- 
rious manner  without  producing  any  apparent  reflex  action.  We 
shall  soon  see  that  sub-maximal  shocks,  i,e.  those  which  are  just 
sufficient  to  produce  a  reflex  act  with  a  moderate  interval  of 
stimulation,  but  do  not  do  so  by  a  large  interval,  also  strongly 
diminish  the  excitability.  There  is  here  a  fundamental  differ- 
ence from  the  condition  of  the  voluntary  muscles,  in  which 
Kronecker  observed  "that  weak  stimuli,  when  they  had  no 
further  important  effect,  do  not  fatigue,  as  maximal  stimuli  do, 
without  producing  any  mechanical  action,  that  the  muscle 
treated  with  ineffective  stimuli  conducts  itself  almost  as  a  pas- 
sive one*." 

Thus  we  see  that  successive  stimuli  tend  to  produce  two 
opposite  effects  in  the  preparation;  to  produce  movement  and 
to  extinguish  life.  This  injurious  property  seems  to  belong  in 
a  high  degree  only  to  the  intense  stimuli:  movement,  as  we 
have  seen,  is  better  assisted  by  repetition  of  the  shocks,  than  by 

1  Arh.  aui  d.  phytiol,  Anttalt  zu  Leipzig,  1871,  p.  261. 
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increasing  their  strength.  With  infrequent  stimuli,  which 
require  strong  currents,  to  be  eflfective  at  all,  the  injurious  in- 
fluence is  more  obvious  than  with  frequent  stimuli. 

How  then  are  we  to  set  before  ourselves  the  summation  of 
movements  ? 

We  may,  I  believe,  obtain  some  important  indications  by 
considering  the  already  mentioned  phenomenon  of  the  ''pre- 
liminary reflex." 

Tiirck  says  in  his  already  often  cited  paper' :  "  Very  fre- 
quently a  powerful  movement  and  extension  of  the  extremity 
(frog)  dipped  in  acid,  does  not  follow  suddenly,  but  it  is  pre- 
ceded by  gentle,  slow  movements."  "  For  each  hind  foot,  there- 
fore, two  numbers  are  obtained,  e,g.  12 — 17  seconds  of  latency 
in  the  normal,  and  7 — 12  in  the  hyper-aBSthetic." 

Sanders-Ezn*  describes  "  the  repetition  of  the  same  move- 
ment with  continued  (chemical)  stimulation''  in  a  special 
chapter.  He  finds  that  between  the  first  and  second  appearance 
of  the  same  movement  there  is  always  a  clearly  recognisable 
pause  which  is  shorter  the  greater  the  excitability.  "  This, 
alternate  disappearance  and  appearance  of  a  movement  shows 
that  the  stimulus,  although  it  remains  continually,  only  ex- 
presses its  discharging  force  periodically."  He  often  observed, 
that  when  two  similar  weak  stimuli  were  applied  shortly  after 
each  other,  that  the  movement  following  upon  the  last  one  was 
more  energetic  than  that  which  occurred  after  the  first  stimulus. 
As  the  most  probable  explanation,  he  holds  therefore,  "  that  the 
forces  rendered  disposable  by  the  first  stimulus  were  only  partly 
employed  by  the  consequent  movement,  whilst  the  remaining 
part  adds  itself  to  those  forces  which  are  rendered  disposable  by 
the  second  stimulus.'' 

A  similar  phenomenon  was  observed  by  Edward  Weber  when  he 
passed  the  alternating  currents  of  the  electro-iuagnetic  rotation-ap- 
paratus through  the  lower  limb  of  a  frog,  the  sciatic  nerve  being 
the  only  connection  between  the  limbs  and  the  body.  Weber  found 
(as  is  noticed  at  the  beginning  of  this  paper)  that  a  considerable 
time  elapsed  ere  the  movements  followed;  that  "further,  in  spite 
of  the  action  of  the  rotation-apparatus  continuing  uninterruptedly, 
the  muscular  movementfii  passed  off,  being  separated  by  pauses,  and 

*  I.  e,  p.  8. 

'  Arh,  au$  d,  physiol.  AnstaU  zu  Leipzig^  1867,  p.  29. 
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again  returned,  as  if  the  animal  made  actual  efforts ;  that,  lastly, 
always  the  same  muscles  were  not  thrown  into  movement*/'     Similar 
peculiarities  were  observed  by  Setschenow  and  Nothnagel'  on  stimu- 
lating the  central  end  of  the  sciatic  nerve  electrically. — On  stimu- 
lation, with  weak  tetanising  currents  of  the  induction-machine,  SeUh 
chenow  observed,  that,  at  once  after  beginning  only  a  single  tem- 
porary movement  of  the  anterior  ejctremities,  or  afterwai*ds  a  series 
of  tremulous  movements  laating  for  several  seconds  took  place,  then 
rest.    Moderately  vtrong  stimulation  caused  at  once  strong  movement 
in  both  anterior  extremities,  which  then  assumed  a  tetanic  character, 
to  give  place  in  a  few  seconds,  as  in  the  former  case,  to  absolute  rest. 
''  Nevertheless  if  the  stimulation  is  continued,  after  some  time  (some- 
times after  one  to  two  minutes),  a  tetanic  wave  is  observed  to  pass 
over  the  body  of  the  frog.  This  wave  generally  begins  in  the  remainder 
of  the  femoral  muscles  of  the  side  stimulated,  whence  it  is  propagated 
to  the  abdominal  muscles  and  the  other  extremities,  and  ends  in 
the  form  of  a  strong,  continuing  extensor-tetanun.     Later,  there  fol- 
low irregular  movements."     **  With  strong  stimulation  the  first  phase 
of  movement  is  omitted.     Instead  of  it  quite  an  inconsiderable  move- 
ment is  noticed  in  the  extremities,  followed  by  rest  for  several  seconds, 
or  the  occurrence  of  the  second  phase  of  movement  in  the  form  of  a 
tetanic  elevation  of  the  extremities  followed  by  extensor-tetanus.'' 
Setschenow  explains  the  rest  after  the  first  discharge  as  an  inhibi- 
tion phenomenon,  produced  by  the  strong  stimulus,  for  when  the 
stimulation  of  the  nerve  was  intennipted  at  the  beginning  of  the  period 
of  rest^  tetanic  extension  of  the  arms  (sometimes  very  strong)  was 
always  obtained  as  an  after-effect 

A  step  in  advance,  in  the  analysis  of  the  process  of  summation 
was  made  by  Setschenow,  by  stimulation  of  the  central  end  of  the 
sciatic  nerve  with  single  electrical  shocks.  He  says',  "If  one  inter- 
rupts constant  galvanic  currents  (which  are  so  weak,  that  the  closing 
and  o{)ening  of  the  current  singly  have  no  effect)  e,  g,  60  times  per 
min.,  then  after  several  interruptions  the  first  contraction,  still  weak, 
occurs  in  a  limited  number  of  muscles^  the  second,  third,  set  become 
always  stronger  and  more  extended,  till  at  last  a  movement  of  the 
whole  extremity  occurs,  but  nevertheless,  even  now,  every  variation 
in  the  current  is  often  replied  to  by  a  contraction  in  the  extremity 
already  in  motion. 

In  none  of  the  above  papers  axe  any  precise  results  given  as 
to  the  relations  in  time  in  which  the  reflex  movements,  produced 
during  any  one  period  of  stimulation,  stand  to  each  other. 

Table  II.  (p.  334)  of  this  paper  gives  some  values  which  show 
that  with  moderate  frequency  of  the  stimulus  (J")  a  tolerably 

^  Art.  Muskelbewegnng,  Wagrier'*  Handworterb,  d,  Physiologie,  Bd.  in.  Abth. 
11.  1846,  p.  19. 

'  Zur  Lehre  vom  klonisoben  Eramp,  Virchow^a  Arch.  6d.  49,  p.  276. 
*  1.  c.  p.  11. 
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rapid  increase,  in  the  latent  times  as  well  of  the  preliminary  as 
of  the  final  reflex  actions,  occurs.  In  Fig.  4  a  series  of  experi- 
ments are  given,  where  in  each  period  of  stimulation  the 
preliminary  reflexes  are  represented. 
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The  reflex  preparatioD  was  Btimolated  by  closing  indaotioii'shoeks  of  20  E 
(intenBity  in  }"  interval).  The  periods  of  stimulation  follow  each  other 
after  pauses  of  3  minutes,  alternately  in  descending  (|)  and  ascending  (|) 
direction  of  the  current.  The  lines  on  the  abscissa  indicate  periods  of 
stimulation,  eaeh  of  those  on  the  ordinate  5  seconds  of  latent  siunulation. 
The  lower  curre  indiefttes  the  latent  times  of  the  preliminary  (weak)  reflex 
contraction,  the  upper  connects  the  points  of  final  (strong)  excitation. 

The  course  of  the  lower  curre  varies  in  a  pronounced  manner 
from  that  of  the  upper  one.  Whilst  the  latter  by  its  large 
notches  shows  that  the  latencies  for  the  descending  currents 
soon  increase  to  very  large  values,  the  latencies  of  the  preli- 
minary reflexes  remain  within  narrow  limits  (3" — 8"),  although 
here  also  a  slight  action  of  the  descending  current  is  obvious. 

Further,  in  this  series  the  preliminary  reflexes  have  a  pecu- 
liar form.  They  were  not  rapid  temporary  contractions,  but 
slight  continued  elevations  of  the  foot,  which  increased  quite 
gradually,  then  weak  movements  of  the  knee  set  in,  till  suddenly 
the  flexors  of  the  foot,  leg,  and  thigh  became  strongly  con- 
tracted, when  the  stimulation  was  generally  interrupted  and 
the  limb  sank  to  its  position  of  rest. 

Generally,  however,  the  preliminary  reflexes  are  distinctly 
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separated  from  the  final  ones.  Their  course  is  sometimes 
flat,  mostly  steeply  ascending  and  descending. 

According  to  their  succession  in  time,  two  different  kinds  of 
reflex  movements  occur:  (1)  in  large  regular  or  irregular  pauses, 
mostly,  so  that  all  the  reflex  contractions  are  small  (Degree  i.), 
or  that  the  later  ones  are  larger  than  the  first ;  (2)  (after  shorter 
or  longer  latency)  at  intervals,  which  are  isorhythmical  with  all 
stimuli;  or  when  these  are  iinequally  strong,  with  the  stronger. 
These  preliminary  contractions  are  almost  always  of  the  first 
degree. 

The  facsimile,  Fig.  9,  gives  an  example  of  the  first  sort. 

Fig.  9. 
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The  limb  of  a  reflei  frog  weighted  with  6  grms.  and  fixed  to  the  writing  lever, 
which  writes  its  elevations  on  the  npper  line  of  the  endless  paper,  was 
Btimnlated  with  alternating  indaction-Bnooks  of  15  E  intensity  at  intervals 
of  \",  The  middle  line  is  elevated  by  a  seoondaiy  oircnit  as  soon  as  the 
stimnlns  is  applied  to  the  limb,  and  depressed  as  soon  as  the  stimulus  is 
interrupted.     Seconds  are  marked  on  the  lowest  line. 

Here  the  first  small  elevation  of  the  foot  follows  3.5"  after 
the  beginning  of  the  stimulation,  one  less  strong  after  6",  then  a 
single  weak  one  after  pauses  of  9"  and  20'',  lastly,  after  48''  la- 
tency there  is  a  strong  elevation  of  the  whole  limb  (Degree  in.). 

To  what  extent  however  in  excitable  preparations  a  succes- 
sion of  infirequent  weak  stimuli  may  increase,  is  shown  by  the 
facsimile  curve  Fig.  10,  which,  on  account  of  the  length  of  the 
original,  is  given  in  pieces. 

We  see.  that  57"  of  stimulation  are  required  till  the  first 
preliminary  contraction  (Degree  i.)  appears ;  from  there  33"  till 
the  second,  then  till  the  third  18",  and  from  here  till  the  fourth 
43".  After  27"  of  further  stimulation  the  limb  makes  a  series 
of  violent  elevations  and  depressions,  and  does  not  come  at 
once  to  rest,  even  after  the  stimulation  has  ceased. 
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If  after  such  a  violent  discharge  the  stimulation  is  continued, 
an  excitable  limb  with  moderate  intensity  and  frequency  of  the 
stimulus^  remains  for  a  considerable  time  at  rest.    Then  it  can 
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be  brought  to  a  new^  perhaps  to  a  strong,  but  scarcely  again  to 
a  spasmodic  discharge.  Thus,  e.g.  the  limb  which  wrote  the 
original  for  Fig.  10,  was  stimulated  at  a  later  period  by  cur- 
rents of  10  £  ^''  int.  and  produced  a  strong  reflex  spasm  after 
2.5"  latency,  then  the  continually  acting  stimulus  remained  35'" 
latent,  then  produced  a  contraction  of  Degree  III.,  and  then  no 
more,  though  stimulated  for  two  minutes.  The  limb  was  by 
no  means  killed  thereby,  for  slight  mechanical  stimulation  pro- 
duced a  strong  reflex  towards  the  end  of  this  period  of  stimulation. 
After  a  rest  of  a  few  minutes  the  same  stimulus  was  capable  of 
producing  within  1.5"  repeated  strong  contractions  (Degree  III.), 
herewith  however,  the  limb  was  exhausted  for  the  remaining 
three  minutes  of  stimulation.  A  rest  of  six  minutes  promptly 
restored  the  Umb  to  a  high  degree  of  excitability.  Minutes  are 
not  even  required.  Even  10"  gave  back  to  the  preparation  a 
high  degree  of  excitability.  Thus  is  proved  what  I  have  already 
indicated  (p.  355),  that  sub-maximal  stimuli  fatigue  the  reflex 
preparation.  Only  a  very  short  time  however  is  required  for 
recovery. 

What  has  already  been  shown  for  those  reflexes  which  are 
confined  to  the  limb  stimulated  electrically,  is  also  valid  for 
those  movements  which  occur  in  the  second  limb  after  intense 
or  long  stimulation  of  a  spot  of  skin. 

K  a  limb  is  feebly  stimulated,  whether  only  weak  stimuli 
are  applied  to  it,  or  whether  its  excitability  has  become  dimin- 
ished, then  not  only  does  the  excitation  remain  longer  latent, 
but  is  no  longer  propagated  to  the  second  limb. 

Can  the  stimulus  be  applied  so  that  its  motor  forces,  but  not 
its  injurious  effects,  become  summated  ?  This  postulate  appears 
to  involve  a  contradictio  in  adjecto.  For  if  the  movement  from 
stimulus  to  stimulus  is  summated,  and  only  the  movement  pro- 
duced, but  not  the  discharging  moment  fatigues,  then  the  ex- 
haustion ought  to  increase  only  in  the  degree  in  which  the 
internal  activity  increases.  If,  however,  one  regards  the  reflex 
discharges  as  the  resulting  effects  of  independent  oppositely 
acting  forces — accelerating  and  inhibitory — ^then  there  is  nothing 
to  prevent  one's  conceiving  that  with  a  certain  succession  of 
stimuli  the  inhibitory  ones  were  only  able  to  sum  themselves 
up  in  an  unimportant  manner,  whilst  the  motor  impulses  survive. 
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the  intervals:  by  well-appointed  pauses  the  small  amount  of 
time  necessar;  for  the  rJ^very  of  the  exciting  nerves  might  be 
obtained,  which  might  not  be  sufficient  for  the  inhibitory  ones. 
From  the  former  explanations^  it  may  be  doubted  whether  a 
succession  of  stimuli  exists  by  which  the  after  effects  of  the 
shocks  last  above  a  very  short  time.  The  largest  possible  inter- 
val of  stimulation  I  have  indicated  as  2.5",  and  expressly 
noticed  that  stimuli,  which  are  applied  at  such  long  intervals, 
in  order  not  to  lose  then*  after-effect,  must  be  very  strong,  and 
in  consequence  soon  extinguish  the  excitability.  We  have 
however  seen,  from  my  own  investigations  and  those  of  others, 
that  violent  reflex  spasms  last  longer  than  the  stimulus,  some- 
times  even  in  a  yerjr  pronounced  manner.  It  appeare,  therefore, 
that  internal  movements  increased  to  a  considerable  intensity 
have  a  longer  after-effect  than  individual  shocks. 

It  must  be  to  a  certain  extent  possible,  therefore,  to  ob- 
tain the  summation  of  sums,  such  however  must  require  large 
intervals  of  stimulation.  In  fact,  I  have  succeeded  in  making 
the  after-effect  of  the  reflex  excitation  visible  for  more  than 
twelve  seconds  of  a  pause.  The  sluggish  preparation  re- 
quired strong  stimuli,  1000  E  with  the  interval  ^".  The  small 
experimental  series  is  again  most  conveniently  arranged  in  a 
tabular  form. 


Daretion  of 


F&Qfle  for  rest 


Latent 
stimulation. 


Period  of 
stimulation. 


Complete 
oontraotion. 


Thecontracti<» 
remaining  after 
the  termination 
of  the  stimula- 
tion. 


Maximal 

height  of  the 

curve. 


12,5" 
10,0" 
11,0" 
12,6" 
10,  S" 
12,0" 


1,0" 

10,6" 

2,0" 

8,0" 

2,2" 

6,0" 

2,S" 

6,0" 

2,5" 

6,0" 

2,0" 

7,0" 

8,0" 

13,6" 

12,0" 
8,0" 
6,2" 
6,0" 
6,0" 
4,2" 

10,0" 


2,6" 
2,0" 
2,4" 
2,7" 
2,6" 

0" 

0" 


12,0  MiUm. 
9,0 
6,0 
6,0 
6,6 

57,0 
2,0 


9f 


Thus  the  excitations  become  heaped  up  from  period  to 
period,  without  the  height  of  the  preliminary  contractions  having 
increased,  or  without  the  length  of  the  visible  after-effect  hav- 
ing been  at  all  importantly  augmented.     After  the  strong  dis- 
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charge  however  only  a  few  small  reflexes  were  to  be  obtained. 
One  can  here  scarcely  assume  that  the  excitability  and  not  the 
excitation  was  increased  by  the  stimuli.  It  is  scarcely  to  be 
believed  that  so  extraordinarily  strong  stimuli,  which  were  able 
to  kill  the  preparation  so  soon,  should  have  previously  increased 
the  excitability.  It  is  most  probable  that  neighbouring  parts 
were  set  in  motion,  in  unison  with  the  nearest  excited  central 
parts  of  the  nervous  system,  and  this  movement,  when  the 
external  impression  continues,  always  goes  further  (hence  the 
reflex  movements  became  more  extended). 

When  a  large  mass  is  once  set  in  motion,  the  primary  im- 
pulse can  be  withheld  for  a  short  time  without  the  whole  coming 
to  rest  at  once.  The  powerful  new  impulses  which,  after  several 
seconds  of  rest  meet  the  somewhat  recovered  ends  of  the  nerves, 
suffice  to  restore  to  the  whole  system  its  former  amplitude,  and 
then  to  increase  it.  Single  strong  stimuli  therefore,  following  at 
regular,  long  (2" — 2.5")  intervals,  expend  their  forces.  The 
vibrations,  which  were  produced  by  the  individual  impulses  did 
not  long  preserve  their  intensity,  and  remained  local.  Hence  it 
is  with  difficulty  that  one  succeeds  with  infrequent  stimuli  so 
to  increase  the  small  remainder,  that  extensive  movements 
result;  whilst  not  unfrequently  with  frequent  stimuli  (^"),  of 
only  moderate  strength,  the  most  complicated  apparently  pur- 
posive washing-movements,  such  as  are  so  striking  with  chemical 
stimuli,  may  be  produced. 

The  strong  stimuli  specially  fatigue  the  peripheral  nerves,  so 
the  impulse  proceeding  from  these  becomes  weaker.  Hence  it 
comes  that  preliminary  reflexes  are  often  wanting,  where,  from 
the  analogy  of  previous  and  following  periods  of  stimulation, 
they  ought  to  have  occurred  (compare  Fig.  5  and  6,  pp.  348, 350). 
A  small  diminution  of  the  induction-current  or  of  the  sensibility 
of  the  nerves  is  sufficient  to  retard  the  result.  On  the  contrary, 
often  quite  a  weak  help,  sometimes  even  slight  contact  (with  a 
camel-hair  pencil  or  the  finger)  during  the  electrical  stimulation 
suffices  to  produce  a  reflex.  The  inhibitory  hypothesis  therefore 
appears  to  me  to  be  quite  superfluous  for  the  processes  here 
considered. 

As  the  second  category  of  preliminary  reflex  movements 
I  have  cited  the  regular  contractions  isorhythmical  with  the 
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stronger  stimuli.  They  occur  very  often,  sometimes  when  the  skin 
is  stimulated  with  shocks  of  moderate  frequency  and  intensity. 
Their  size  is  mostly  small;  sometimes,  however,  very  considerable. 
One  has  the  impression  as  if  the  foot  was  moved  by  direct 
stimulation  of  its  muscles,  but  by  careful  observation  one  may 
convince  himself  that  these  contractions  are  also  reflex;  for 
in  fatigued  preparations  they  occur  after  considerable,  some- 
times after  long  latency,  and  frequently  change  their  strength ; 
a  phenomeaon  which  we  will  presently  consider  more  fully. 
Hence  the  (already  mentioned,  p.  328)  apprehension  of  Herr 
Meihuizen,  that  with  electrical  stimulation  of  the  skin  one 
would  be  unable  to  distinguish  between  direct  and  reflex  con* 
tractions — ^is  also  quite  unnecessary  for  this  case  of  the  rhythmical 
preliminary  reflex  movements.  Very  strong  stimuli  of  course 
act  upon  the  deeper  muscles. 

We  have  observed  the  preliminary  rhythmical  reflex  move- 
ments with  the  apparatus  already  described  (p.  328),  but  in 
order  to  obtain  a  better  view  I  also  used  the  cylinder  of  the 
kymograpL  Thus  we  could  have  a  series  of  100  reflex 
experiments  on  one  sheet  of  paper,  and  in  order  to  spare  room 
the  movements  of  the  writing  lever  were  limited  in  their  extent. 
The  movements  of  the  foot  are  here  essentially  distinguished 
from  those  of  the  leg  by  their  evanescence.  The  degree  of 
contraction  was  always  noted  at  the  corresponding  point  during 
the  experiment.  The  following  Fig.  11a  and  lib  (which  to 
save  space  is  divided  into  two)  gives  an  example  of  a  curve  so 
registered. 

The  small  dimensions  of  the  contraction- curves  require 
exact  observation  in  order  to  ascertain  the  details.  A  cursory 
glance  shows  that  the  rhythmical  reflex  movements  began  after 
a  latency  of  0.2  to  0.6  seconds,  and  passed  into  the  final  elevation 
of  the  limb  after  a  total  latency  of  1.3"  to  1.8". 

In  the  two  pieces  of  curve  before  us,  we  see  that  the  latent 
times  of  the  preliminary  reflexes  remained  tolerably  equal 
(0.2" — 0.4"),  that  the  final  reflexes,  however,  generally  require 
1.9"  to  2.2".  At  the  same  time,  the  second  experiment  shows 
that  with  long-cohtinued  stimulation  the  final  reflex  tetanus 
again  ceases,  and  now  rhythmical  contractions  of  the  foot 
reappear. 
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The  foot  of  the  raspended  reflex  preparation  rested  on  the  writing  lever,  which 
was  capable  of  moying  within  narrow  limits.  This  writes  the  upper  line 
(from  left  to  right)  straight  as  long  as  it  is  at  rest,  wavy  when  it  is  rhyth- 
xoieally  depressed  and  raised  by  the  foot  and  eonnterpoise.  The  middle  line 
indicates,  by  its  high  course,  that  the  skin  was  stimulated  with  induction- 
shocks  of  86  B  units  at  intervals  of  y,  by  its  lower  course,  that  the  stimu- 
lation was  interrupted.  The  lowest  line  indioatee  seoonds  divided  into 
halves. 

Fig.  11a  represents  neighbouring  parts  of  the  curve  which  belong  to  the  earlier 
stages  of  fatigue.    Fig.  lib,  the  same  from  a  later  period. 

Fig.  12,  gives  an  example  of  very  regular  movement  of  the 
foot. 

Fig.  12. 
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Beflex  preparation  stimulated  with  induction-shocks  of  100  B  and  12l6  E  at 
intervals  of  y\  current  interrupted  by  vibrating  spring.  Apparatus  as  in 
last  figure,  only  here  the  lines  indicating  time  and  stimulation  are  placed 
above  the  conla-action-ourve,  and  the  middle  line  by  its  deicent  indicates  the 
beginning  of  the  stimulation. 

In  this  case  the  foot  only  replied  to  each  second  stimulus 
(opening-shock),  and  did  not  visibly  react  to  the  closing-shock, 
exactly  like  an  over-weighted,  weakly  stimulated,  or  very 
fatigued  muscle.  The  reflex  nature  of  this  contraction  is  here 
also  proved  by  the  length  of  the  latency.  Further,  the  later 
reflex  periods  showed  an  increase  of  the  virtually  invisible 
rhythmical  movements,  what  I  have  never  noticed  in  muscle 
with  stimulation  of  such  frequency.  The  neighbouring  curve, 
produced  by  125  £,  has  a  much  shorter  stage  before  the  pro- 
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liminary  reflex,  %.  e.  the  latency  to  the  final  reflex  is  shorter 
than  with  stronger  stimulation. 

I  also  employed  another  very  sensitive  method  for  registering 
the  course  of  the  slightest  reflex  cootractions.  A  thin  plate 
of  cork  upon  which  the  toes  of  the  preparation  rested  was 
fixed  on  one  of  the  ends  of  a  Schortmann's  relais^,  the 
platinum  style  at  the  opposite  end  of  the  delicately  balanced 
beam  dipped  into  Hg  as  soon  as  the  foot  was  raised  from  the 
double  lever. 

If  a  current  is  hereby  closed,  the  beam  of  a  small  electro- 
magnet provided  with  a  style  writes  on  a  kymographion- 
cylinder  the  moment  of  elevation,  and  with  a  rhythmical  suc- 
cession of  contractions  a  finely  indented  curve  is  obtained. 

The  question  now  arises,  are  these  rhythmical  reflex  move- 
ments fundamentally  different  from  the  single  preliminary 
ones  already  noticed? 

I  have  already  advanced  the  view  that  every  stimulus  adds 
an  increase  or  increment  to  the  movement  of  the  reflex  centres, 
that  several  single  shocks  sum  themselves  up,  until  a  preliminary 
reflex  appears,  that  then  the  summation  goes  further  until  a 
final  contraction  or  a  spasm  closes  the  reaction.  Every  small 
contraction  therefore  does  not  cause  the  cessation  of  the  move- 
ment, this  is  only  done  by  strong  discharges.  When  by  the 
summation  of  several  stimuli  the  limit  has  once  been  reached, 
why  is  not  every  stimulus  followed  by  its  small  discharge,  whose 
remainder  increases  till  a  final  reflex  movement,  similar  to  that 
in  Table  VI.,  is  produced,  the  primary  small  reflex-sums  heaping 
themselves  up  to  large  secondary  ones  ?  Only  great  equality  of 
the  stimulus  and  excitability  are  necessary  for  this. — Thus  this 
process  would  be  represented  as  a  special  case  of  the  general. 
In  order  to  establish  this  view,  I  present  various  forms  of 
discharge  which  show  the  passage  of  the  single  reflexes  into 
the  rhythmical. 

The  first  curve  shows  a  whole  period  of  stimulation  with 
the  syn-arhythmical,  tolerably  strong  reflexes,  which  arise' after 
short  (almost  1")  latency,  then  increase  after  5"  to  a  spasm,  in 
whose  curve  the  impulses  composing  it  are  to  be  recognised. 

1  Vide  Bowdiioh,  Arbeiten  aut  d.  phytiol.  AmtcOt  «u  Leipzig^  1871,  p.  Ii2. 
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Fig.  13. 
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The  originals  of  this  curve  were  written  on  endless  paper  by  two  reflex  prepara- 
tions whose  ankle-joint  was  fixed  by  thread  to  the  writing-lever.  The 
one  preparation  was  stimulated  by  induction-shocks  of  30  E  at  intervals  of 
i^^y  the  other  with  20  E  at  intervals  of  Y\  The  middle  line  by  its  high 
course  shows  the  time  of  stimulation.    The  underline  marks  seconds. 

The  second  curve  represents  agroup  of  reflex  contractions  which 
appear  after  5"  latency.  The  preliminary  ones  follow  each  other 
at  intervals  of  about  1",  and  rapidly  increase  to  the  final  contrac- 
tion. The  third  group,  lastly,  gives  the  final  piece  of  a  long  period 
of  stimulation  (20  E  J"  int.),  in  which  before  this  discharge  single 
preliminary  ones  appeared  after  13"  (degree  i:),  14}"  (degree  li.), 
20"  (degree  il),  28"  (degree  IL),  31"  (degree  li.)  respectively; 
then  there  occurred  the  first  small  elevation  of  the  leg  of  this 
group.  After  38"  and  at  intervals  of  1" — 1*5"  a  full  discharge 
took  place.  Here  elevations  of  the  leg  proper,  singly  or  in 
rhythmical  succession,  preceded  the  final  reflex. 

Fig.  14  gives  an  example  of  a  rhythmical  succession  of  small 
reflexes  which  were  written  by  the  leg  proper.  I  have  in  my 
curves  a  number  of  pictures  which  may  serve  as  intermediate 
forms  of  the  varieties  here  presented.  In  Fig.  8,  an  example 
is  given  in  which  from  the  middle  of  the  series  onwards,  in 
every  experiment,  a  weak  (i.)  initial  reflex  occurred,  which 
was  followed  after  a  pause  by  the  strong  (ill.)  one.  In  the  la- 
tency-curve of  Fig.  6  also,  several  preliminaxy  reflexes  indicated 
by  circles  0  at  very  unequal  distances  are  indicated,  together 
with  those  where  only  simple  discharges  were  obtained.  If  one 
compares  these  modifications,  the  bridge  between  the  simple 
final  reflex  discharges  to  the  isolated  reflexes  of  Figs.  9  and  10, 
and  from   these   to   the    rhythmical    ones    of   Figs.   11    and 
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ifi  will  be  found,  and  will  come  to  the  conclusion  tbat  be- 
tween the  boundary  forms  a  number  of  combinations  deter- 
mined by  the  number  of  stimuli  is  possible;  when,  however, 
one  takes  into  consideration  the  continually  variable  heights 
of  the  contractions,  an  endless  number. 

For  the  sake  of  simplicity  we  have  till  now  called  the 
first  strong  reflex  movement  "final."  With  justice  too;  for 
we  have  already  said  that  generally  no  other  movement  fol- 
lows the  first  strong  simple  or  spasmodic  reflex  in  the  same 
period,  by  stimulation  with  moderate  or  weak  stimuli,  the  ex- 
citability being  moderate.  It  is  otherwise,  however,  with  very 
excitable  preparations,  or  those  treated  with  intense  stimuli. 
There  often  many  very  high  contractions  follow  at  long  or 
short  intervals.  After  some  time  the  discharges  become  smaller, 
less  frequent  and  irregular,  and  disappear  completely.  The 
penultimate  stadium  demands  our  especial  interest.  When  the 
preparation  is  only  capable  of  medium  or  weak  reflexes,  which 
contraction  have  we  then  to  regard  as  final,  and  when  can  we 
interrupt  the  stimulation  as  objectless  ? 

Rosenthal/  in  estimating  the  "  Reflex-time  "  departs  entirely 
from  such  stimuli  which  do  not  give  the  maximum  of  reflex 
action,  and  compares  only  such  stimuli  which  are  just  sufficient 
to  produce  this  maximum  ("adequate  stimuli''),  with  strong 
ones  ("  uber-maxima  ").  In  my  experiments,  I  could  not  have 
followed  this  system  without  omitting  many  valuable  data. 
If  in  the  curves  I  had  omitted  the  periods  marked  I.  and  ii., 
numerous  disturbing  imperfections  would  have  remained.  Com- 
pare, for  example.  Fig.  5.  How  often  there  exactly  at  the 
expected  place,  instead  of  the  maximal  contractions  (ill.),  are 
those  of  degree  n.  and  I.  on  the  one  hand,  and  on  the  other, 
strong  and  spasmodic  ones  (iv). 

Similar  results  are  to  be  found  in  other  examples.  It  there- 
fore appears  that  it  is  not  the  strength  or  extent  of  the  reflex 
contraction  which  is  of  importance  for  the  principle,  but  the 
circumstance  that  a  complete  discharge  has  taken  place. 

Which  process  have  we  to  regard  as  a  complete  discharge  ? 
This  is  the  most  important  question  which  we  have  as  yet  met' 
with  in  our  investigation. 

1  Sitzungsh.  d.  phy9,'m€d.  Societ,  zu  Erlangen^  1873,  p.  18. 
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When  we  observe  a  preparation  which  requires  tolerably 
strong  electrical  cutaneous  stimuli  to  set  it  in  motion,  and 
we  treat  it  with  moderately  frequent  shocks,  we  often  observe, 
that  after  a  short  time  the  foot  begins  to  move  rhythmically. 
This  beating  time  in  whole  or  half  tempo  gradually  increases 
till  a  large  reflex  results. 

When  the  preparation  is  stronger,  the  leg  also  begins  to 
move  at  the  same  time,  and  writes  curves  of  which  Fig.  4 
is  a  fac-simile.  If  the  excitation  is  weaker  (because  stimulus  or 
excitability  have  been  diminished),  we  now  no  longer  have  a 
large  reflex  (degree  IIL),  but  the  vibrations  of  the  foot  or 
small  vibrations  of  the  leg  increase  only  to  feeble  elevation  of 
the  leg. 

Fig.  14. 
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Beflex  preparation  stimnlated  with  indnotion  oarrents  of  25  E  and  20  E  intensity, 
at  intervals  of  \^\  The  contractions  were  written  npon  the  endless  paper 
of  a  kymographion  by  means  of  a  lever  fixed  to  the  ankle-joint.  The 
middle  line  indicates  the  duration  of  tbe  atimolation,  the  lower  cne  seconds. 

Such  conditions  are  represented  in  the  second  curve  of 
Fig.  14.  Or,  lastly,  one  sees  that  tha  rhythmical  beating  of  the 
foot  increases  or  diminishes  periodically,  without  the  leg  being 
also  moved.  Like  the  preliminary  reflex  contraction,  such 
groups  of  beats  during  a  period  of  stimulation  often  return,  and 
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it  often  happens  that  the  first  group  no  longer  causes  elevation 
of  the  leg,  but  after  several  seconds  of  complete  rest  the  move- 
ments of  the  foot  commence,  and  may  increase  to  elevation  of 
the  leg  or  also  of  the  thigh.  If  one  has  gained  some  experience 
in  such  observations,  one  can  see  during  a  long  period  of 
stimulation  whether  with  the  stimulus  employed  a  reflex  is  to 
be  expected.  If  the  beats  of  the  foot  commence  late,  and  only 
increase  slightly,  and  soon  diminish  again,  the  return  the  second 
time  not  stronger,  but  weaker,  then  we  may  well  despair  of  a 
good  reflex. 

As  Edward  Weber  (already  cited)  compared  the  intermittent 
movements  of  the  reflexly-excited  limbs  to  those  of  an  animal 
"that  makes  actual  exertions,"  so  I  would  call  the  above- 
described  process  a  Sisyphus-task.  Near  to  the  result  (the 
discharge  or  liberation,  of  a  powerful  reflex)  the  force  diminishes 
and  the  work  already  done  becomes  fruitless,  it  must  be  begun 
again  anew.  This  seems  to  me  to  indicate  the  moment  of  the 
discharge.  A  simple  or  complex  discharge  exhausts  the  store 
present.  This  can  in  a  fresh  preparation  be  very  quickly 
regained.  The  energy  becomes  disposable  through  the  stimuli, 
fed  by  the  regenerating  exchange  of  material.  Even  the  mini- 
mal excitations  which  discharge  the  limited  reflexes  in  the  foot 
appear  to  fatigue,  for  we  have  seen  that  these  alone  may  in- 
crease or  disappear  rhythmically,  but  this  diminution  in  the 
excitability  appears  to  be  very  trifling,  for  such  vibrations  often 
last  for  minutes. 

We  may  perhaps  make  the. process  clearer  by  a  simple  com- 
parison. A  pendulum  requires  minimal  impulses  to  be  raised 
a  little  from  the  position  of  rest ;  returning  however  it  is  only 
able  to  overcome  very  small  resistances.  With  a  greater  swing 
it  gains  on  the  return  also  greater  velocity,  and  is  able,  with 
corresponding  mass,  to  convey  a  larger  amount  of  kinetic  energy 
to  a  resisting  body.  If  the  resistance  is  not  great,  it  expends 
the  remainder  of  its  energy  in  rising  in  the  opposite  direction ; 
on  its  return  it  can  again  overcome  obstacles,  and  so  on  until 
its  energy  is  used  up,  its  vibrations  from  the  point  of  equilibrium 
become  invisible,  and  it  at  last  stands  still.  Let  us  further 
imagine  a  second  pendulum  of  the  same  length,  and  so  placed 
with  regard   to  the  first  one  that  the  planes  of  vibration  of 
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both  are  parallel.  An  easily  moveable  process  (e.g.  a  piece  of 
watch-spring  with  little  elasticity)  is  fixed  to  the  second  pen- 
dulum, so  that  first  the  pendulum  in  passing  the  position  of 
rest  strikes  against  it.  With  small  excursions  the  spring  will 
receive  a  feeble  shock,  not  sufficient  to  bend  it.  The  process 
conveys  the  shock  to  the  second  pendulum.  This  moves  more 
feebly  than  the  first,  which  was  hindered  by  the  resistance  but 
not  brought  to  a  standstill. 

With  greater  elongation  the  first  pendulum  falls  with  greater 
velocity  against  the  spring-process,  presses  it  aside,  and  com- 
pletes the  other  quarter  of  its  vibration.  .  In  the  mean  time, 
however,  the  second  pendulum  has  taken  up  the  part  of  the 
force  for  which  the  spring  was  still  inflexible.  It  makes  a 
small  vibration^  but  as  its  duration  of  vibration  is  equal  to 
that  of  the  first,  also  a  quarter  vibration,  it  arrives  simul- 
taneously with  the  strongly  moved  one  at  the  position  of 
equilibrium.  There  it  receives  from  the  rapidly  falling  one 
a  new  impulse,  which  the  spring  again  partly  conveys  to  the 
second  one.  In  this  way  the  impulses  of  the  first  pendulum 
become  summated  in  their  action  on  the  second,  and  at  last  it 
may  acquire  the  complete  amplitude  of  the  first  one. 

The  application  of  this  picture  to  the  reflex  process  is  simple. 
We  require  to  conceive  that  the  nerve-motion  of  the  sensory 
nerves  impinges  upon  the  first  pendulum,  that  the  next  motor 
nerve  receives  an  impulse  from  the  pendulum,  as  soon  as  this 
on  its  return  passes  the  position  of  rest.  From  the  secondarily 
moved  pendulum  the  ends  of  other  nerves  are  set  in  motion,  as 
soon  as  the  kinetic  energy  of  the  shock  has  exceeded  a  certain 
limit.  A  third  similarly  coupled  pendulum  would  represent  a 
vibrating  complex  arrangement  of  the  third  order.  To  explain 
the  increased  consumption  of  material,  arising  from  secondary 
and  tertiary  discharges,  one  must  introduce  a  certain  complin- 
cation  into  our  picture,  that  at  the  moment  where  the  forces  of 
the  secondary,  or  else  of  the  tertiary  pendulum,  have  become 
sufficiently  increased  to  introduce  a  movement  in  the  ends  of 
the  nerves,  a  sort  of  explosion  takes  there,  which  sends  the 
motor  impulse  towards  the  periphery  but  also  reacts  upon  the 
centre.  The  production  of  heat  and  the  production  of  acid  may 
be  partly  to  blame  for  the  temporary  diminution  of  the  central 
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excitability.  By  violent  discharges  the  whole  system  becomes 
more  difficult  to  move^  hence  the  conveyance  from  one  vibra- 
ting system  to  another  must  last  very  long  before  the  force 
sufficient  for  a  discharge  reaches  the  second  or  third  system. 

But  the  ezhaustion  of  the  central  parts  need  not  neces- 
sarily be  blamed  for  the  inaction  of  the  cutaneous  stimulation. 
The  peripheral  nerves  may  refuse  to  act  and  render  the  bridge 
to  the  centre  impassable  to  the  electrical  impulse. 

This  is  easily  ascertained  by  testing  the  reflex  excitability 
•of  the  limb  experimented  on  by  that  of  the  other.  There  still 
remains  to  be  explained  a  weighty  point  which  is  of  funda- 
mental importance  for  the  principle  of  summation. 

Up  to  this  time  we  have  regarded  the  reflexes  in  as  far  as 
they  are  the  effects  of  summated  electrical  cutaneous  stimuli ; 
we  have  pointed  out  the  circumstances  which  render  the  effect 
desired  possible^  favour  or  retard  it.  The  question  now  arises, 
Can  a  reflex  action  be  produced  without  the  summation  of 
stimuli  ?  This  appears  unquestionable.  A  puncture  is  sufficient 
to  cause  an  animal  to  fly,  and  pressure  on  the  foot  of  a  reflex 
frog  to  cause  violent  contraction.  The  discharges  of  a  Leyden 
jar  of  very  short  duration  have  already  been  found  by  Cavendish 
and  Vblta  to  act  on  the  sensory  nerves  of  flshes  and  man. 
Setschenow,.  Fick>  Rosenthal  have  investigated,  in  the  works 
already  cited,  the  effects  of  single  electrical  discharges  (inter- 
ruptions-of  tiie  current  and  induction-shocks)^.  I  have  already 
remarked  in  passing  (p.  351)' that  with  very  strong  infrequent 
stinnili  applied  to  the  fresh  preparation  the  reflex  occurred 
sooner  than  the  second  shook.  Alb  investigatoiB  are  at  one 
upon  this  point,  that  i(x  reflex  excitation  by  single  induction- 
shocks  of  incomparably  greater  strength  of  the  current  are 
required'  than  for  stimulation-  of  motor  nerves,  whilst  for  the 
summationnreflexes  comparatively  weak  stimuli  are  sufficient 

To '  ascertain  the  cause  of  this  remarkable  difference  I  have 
in  several  series  of  experiments  compared-  the  effects  of  single 
induction-shocks  with  the  effects  of  repeated  stimuli. 

The  following  was  the  result  of  the  experiments  with  Hugh 
indimtionrshocka. 

>  B.  dn  Bois-Bcymond,  Untersuchungen  iih.  thierUche  ElecticitSt.  Bd.  i. 
p.  290,  1848. 
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Reflex  movements  were  liberated  by  simple  (always  applied 
to  the  skin  of  the  leg)  induction-shocks  only  when  these  were 
very  strong.  In  most  cases,  the  limb  only  contracted  a  few 
times  to  such  stimuli,  even  when  long  rest  was  allowed  between 
the  shocks.  Only  very  hardy  preparations  could  survive  more 
than  fifty  of  such  stimuli  These  had  at  last  to  be  increased  to 
quite  an  abnormal  extent.  The  latent  time  may  increase  to 
3''  or  more.  How  it  increases  the  following  fac-simile  curve 
(Fig.  15  a  and  6)  may  serve  to  show. 

We  observe  at  all  parts  of  the  curve,  with  the  exception  of  the 
first  (PJ,  two  or  three  differently  formed  parts,  a  pointed  short 
elevation  and  a  long  variously  formed  double-tooth,  and  be- 
tween or  behind  these  here  and  there  a  small  simple  or  double- 
tooth.  The  indication  is  plain.  The  first  point  represents  the 
compressed  curve  of  contraction  which  follows  the  direct  stimu- 
lation of  the  motor  elements  of  the  limbs  without  obvious 
latency. 


Fig.  15a. 
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The  left  foot  of  a  large  frog  rested  apon  the  already  described  writing-lever. 
An  opening  indnotion-shook  of  900  units  (greatest  intensity  of  an  indnotion- 
maohine  armed  with  two  fresh  Grove's  elements)  stimolated  it  in  each  of 
the  six  periods  (P^  to  Pg).  After  every  stimulation  there  waa  a  minute's 
rest.  The  stimulating  pen  makes  a  notch  upwards  in  the  middle  line,  when 
the  primary  current  is  opened.  The  time-marker  indicates  seoondB  {y 
above,  4"  below). 
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In  the  first  period  (PJ  this  remains  invisible,  because  it  is 
united  to  the  long  reflex  curve,  which  rose  after  a  short  latency 
before  the  first  one  had  time  to  fall  from  the  maximum.  In 
the  other  periods  represented,  which  in  the  original  follow  each 
other  almost  continuously,  we  see  that  the  contraction-curves  of 
the  reflexes  become  always  more  widely  separated  from  the  one 
produced  by  direct  stimulation.  They  have  always  a  tetanic 
character ;  sometimes  with  indications  of  clonic  spasms.  The 
rapid  fall  of  the  writing-lever  between  the  two  contractions 
shows  that  sluggish  vibrations  of  the  lever  have  not  lengthened 
the  contraction.    The  reflex  latent  time  in  P^  reaches  1'7". 

The  increase  of  the  latency  with  the^  fatigue  is  also  a  com- 
mon phenomenon  in  reflex  single  contractions.  The  depend- 
ence of  the  duration  of  the  latent  stimulation  on  the  intensity 
of  the  exciting  current  is  not  easy  to  detect,  because  one  must 
rapidly  increase  the  initial  strengths  of  the  current,  already 
high  enough  without  this,  in  order  to  obtain  a  long  series  of 
reflexes.  In  some  cases  where  it  was  possible  to  compare  the 
increasing  with  the  diminishing  strength  of  current,  the  intensity 
appeared-  to  be  without  influence  oxh  the  latent  time. 

The  closing  induction-shocks  are  only  in  rare  cases  capable 
of  liberating  a- reflex  movement,  but  they  are  always  surpassed 
in  their  action  by  that  of  the  opening  shocks.  As  closing  shocks 
of  800  units  (E).  liberated  reflex  contractions  after  latent  times 
of  from  1-25"  to  1-75",  900  E  could  only  diminish  it  to  17". 
Opening  shocks  of  the  same  intensity  liberated  a  strong  con- 
traction after  0  7"  to  0*8"  latent  time.  Now,  as  a  specially 
strong  oscillating  discharge  has  been  proved  for  opening  induc- 
tion-shocks V  the  thought  arises,  of  regarding  its  reflex  contrac- 
tions also  as  the  effects  of  summation. — In  fact,  as  single  induc- 
tion-shocks of  great  intensity  (700 — 900  E)  acted  after  long 
latency  (1'7"),  and  then  had  no  further  ejBTect,  tetanising  stimuli 
of  moderate  strength  (100  E)  gave  reflex  contractions  after  inap- 
preciably short  latency.  This  result  was  striking  in  the  highest 
degree,  because,  according  to  the  usual  interpretation,  it  is  im- 


*  DondoT*8  Proees-verhaal  van  de  Academie  te  Amtterdam^  1868.  80  Mai, 
No.  1.  Helmholtz  Verhandl.  des  Naturhist.  Vereins  zu  Heidelberff,  1869.  Both 
referred  to  in  Wiedemann's  Lekre  vom  Galvanismus  und  ElektromagnetUmus. 
2  Auflage,  Braunschweig,  187^.    Bd.  ii.  Abth.  2,  p.  360  and  128. 
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possible  to  understand  how  one  single  strong  stimulus  should 
require  a  longer  velocity  of  propagation  than  many  weak  ones. 
Lastly,  to  explain  this  result,  experiments  were  made  in  which 
the  proved  effect  of  a  single  shock  was  compared  with  that  of 
several  following  each  other  at  different  intervals. 

At  first  a  closing  shock  acted  like  an  opening  shock  (ob- 
tained by  introducing  a  good  secondary  circuit)  of  600 — 700  E, 
after  latent  times  of  0  7 — 0*6  seconds.  Shocks  followinsr  each 
other  at  an  interval  of  1"  were  able  to  sum  up  their  actions  to 
reflexes  much  stronger  than  the  simple.  By  employing  the 
ordinary  opening  and  closing  shocks  this  succeeded  still  at 
intervals  of  3".  When  however  two  stimuli  followed  each 
other  at  an  interval,  which  wajs  shorter  than  the  duration  of  the 
latent  stimulation  of  a  simple  shock  (0*2"),  the  reflex  followed 
the  second  stimulus  directly,  i.e.  after  a  much  shorter  latent 
time  than  after  an  equally  strong  simple  induction-shock.  Thus 
it  is  proved,  that  the  observed  time  of  latent  stimulation  does 
not  give  the  velocity  of  propagation  of  the  excitation  from  peri- 
pheral sensory  nerves  to  motor  peripheral  ones,  for  if  it  did,  one 
cannot  see  how  a  second  stimulus  should  arrive  sooner  than  the 
first  one  equally  strong,  but  that  the  estimation  of  the  latent 
time  also  includes  the  time  which  is  necessary  to  initiate  the 
movement  in  the  spinal  cord.  This  view  would  be  in  unison 
with  that  of  S.  Exner  who  defines  "reduced  reflex  time"  as 
that  time  "which  the  nervous  centres  require  to  convert  a 
sensory  into  a  motor  impression  \" 

As  to  the  question,  how  it  arises  that  demonstrably  simple 
stimuli  can  at  all  produce  summation-effects,  the  indication  has 
been  given  by  Engelmann';  very  strong  induction-shocks  act  by 
producing  thermal  (and  chemical)  changes  in  the  nerves.  In 
fact  we  have  seen  in  our  experiments  that  a  sensitive  limb, 
treated  with  the  strongest  single  shock,  passes  directly  into  a 
tetanus,  which  must  be  liberated  from  the  motor  structures. 
Many  observers  have  long  ago  proved  that  a  single  strong  induc- 
tion-shock applied  to  the  sciatic  nerve  is  able  to  produce  a 
tetanus  in  the  muscles  of  the  leg. 

Thus  we  have  brought  the  apparently  single  stimuli  into  the 

1  PftUg.  Arch,,  1874,  Bd.  viii.  p.  630. 
«  PJiager'i  Arch,,  1872,  Bd.  v.  p.  87. 
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category  of  the  summated  ones,  and  can  therefore  say  tl^at 
Reflex  movements  can  only  he  liberated  by  repeated  impiJses  com- 
municated to  the  nervous  centres. 


The  results  of  the  foregoing  experiments  find  their  confir- 
mation in  many  observations,  which  we  are  able  to  make  upon 
ourselves.  A  puncture  of  the  nasal  mucous  membrance  is  pain- 
ful, tickling  excites  laughing.  Coughing  gives  a  clear  example 
of  a  reflex  discharge  following  summated  stimuli ;  we  feel  a 
particle  or  a  fibre  which  may  have  come  in  contact  with  the 
mucous  membrane  of  the  larynx.  This  slight  sensation  in- 
creases, without  any  new  cause,  to  a  stimulus;  gradually  we  feel 
obliged  to  clear  the  throat,  then  follow  infrequent,  short  coughs. 
If  this  is  not  suflScient  to  remove  the  offending  body,  the  expira- 
tory efforts  becoming  more  violent,  and  lastly  increase  to  a  spas- 
modic attack.  A  stage  of  fatigue  which  gives  rest  follows  the 
powerful  discharges  till  the  excitation  is  able  again  to  become 
effective.  But  even  when  the  offending  body  has  been  expelled, 
the  feeling  still  lasts  for  a  time,  and  is  expressed  in  gentle 
coughs  and  hawking,  which  give  a  certain  amount  of  relief,  like 
the  movements  produced  after  swallowing,  and  after  hiccough. 

The  sensation  without  a  reflex  movement  can  also  be  in- 
creased by  repeated  small  stimuli.  Intermittent  gentle  contact 
of  the  skin  produces  tickling,  which,  when  long  continued 
becomes  unbearable.  The  never  tiring,  constantly  returning 
fly  can,  by  its  infrequent,  weak  punctures,  set  nervous  people 
into  a  high  state  of  excitement;  a  strong  blow,  or  pressure,  or 
cut  is  easily  tolerated. 


ON  THE  DEVELOPMENT  OF  ELASMOBRANCH 
FISHES.  By  F.  M.  Balfour,  B.A.,  Fellow  of  Trinity 
College,  Cambridge. 

Introduction. 

During  the  past  two  years,  I  have  devoted  the  greater  part  of 
my  spare  time  to  the  investigation  of  the  development  of  the 
Elasmobranch  Fishes. 

I  commenced  my  observations  at  the  Zoological  Station 
in  Naples  in  the  early  months  of  1874 ;  and  a  short  resum^ 
of  the  results  arrived  at  during  that  year  was  read  by  me 
before  the  British  Association  in  August,  and  subsequently 
published  in  the  October  number  of  the  Quarterly  Journal  of 
Microscopical  Science. 

Since  that  date  I  have  continued  my  investigations  during 
a  second  residence  at  Naples  in  the  spring  of  this  year ;  and 
again  during  the  past  summer  I  have  been  able  to  carry  on 
my  work  partly  with  specimens  brought  from  Naples,  and 
partly  with  Scyllium  embryos  reared  in  the  Brighton  Aquarium. 

In  addition  to  my  original  preliminary  notice,  I  have  pub- 
lished two  papers  bearing  upon  the  development  of  these  Fishes. 
The  first  of  these  was  entitled,  "  A  Comparison  of  the  Early 
Stages  in  the  Development  of  Vertebrates,"  and  appeared 
in  the  July  number  of  the  Quarterly  Journal  of  Microscopical 
Science,  while  the  second,  "  On  the  Origin  and  History  of  the 
Urinogenital  Organs  of  Vertebrates,"  was  published  in  the 
last  number  of  this  Journal.  Also  a  paper  by  me  "  On  the 
Development  of  the  Spinal  Nerves  ofElasmobranchs/'  has  been 
communicated  to  the  Royal  Society. 

These  various  papers  contain  in  a  more  or  less  complete 
form  many  of  the  results  at  which  I  have  an*ived.  But  while 
some  of  these  are  incompletely  stated,  of  a  still  larger  number 
no  mention  is  made. 

These  considerations  have  determined  me  to  put  together 
my  observations  in  the  more  complete  form  of  a  monograph, 
which  I  propose  to  publish  as  a  series  of  papers  in  this  Journal. 
The  more  complete   my  study  of  the  development  of  these 
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Fishes  becomes,  tlie  more  is  the  conclusion  forced  upon  me  that 
they  retain  in  their  development  ancestral  features  which  have 
become  lost  or  modified  in  other  vertebrates,  and  which  are  of 
great  value  in  understanding  both  the  origin  and  history  of  many 
of  the  organs  of  the  higher  members  of  that  sub-kingdom,  a£  well 
as  in  pointing  backwards  to  the  charactei-s  which  were  possessed 
by  their  early  ancestors. 

I  cannot  omit  this  opportunity  of  expressing  my  thanks  to  the 
various  friends  who  have  assisted  me  in  the  course  of  my  work. 

To  Dr  Dohm  and  Dr  Hugo  Eisig  my  thanks  are  especially 
due  for  their  unremitting  kindness  and  continual  assistance 
during  my  two  visits  to  Naplea 

To  the  same  gentlemen  as  well  as  to  Dr  Michael  Foster, 
Professor  Huxley,  Profeasor  Lankester,  and  Dr  Kleinenberg, 
I  am  indebted  for  many  valuable  criticisms  and  suggestions. 
To  Mr  Henry  Lee  and  the  Directors  of  the  Brighton  Aquarium 
I  am  under  special  obligations  for  the  more  than  liberal  manner 
in  which  they  have  supplied  me  with  Scyllium  embryos  reared 
in  the  Aquarium — ^an  Aquarium  which  seems  likely  to  be  as 
great  a  boon  to  biologists  as  it  has  proved  an  attraction  to  the 
world  at  large. 

I.    The  Ripe  Ovarian  Ovum. 

Each  ripe  ovarian  ovum  is  enclosed  in  a  capsule  of  fibrous 
tissue.  This  capsule  is  a  prolongation  of  the  general  connec- 
tive tissue  framework  of  the  ovary,  and  serves,  not  only  to 
support  the  ovum,  but  also  to  attach  it  to  the  ovary\ 

The  ovum  itself  is  nearly  spherical;  and,  after  the  removal 
of  its  capsule,  is  found  to  be  unprovided  with  any  form  of 
protecting  membrane. 

My  investigations  on  the  histology  of  the  ripe  ovarian  ovum 
have  been  made  with  the  ova  of  the  Gray  Skate  {Raja  hatis) 
only,  and  owing  to  a  deficiency  of  material  are  somewhat 
imperfect. 

The  bulk  of  the  ovum  is  composed  of  yolk  spherules, 
imbedded  in  a  protoplasmic  matrix.     Dr  Alexander  Schultz*, 

1  A  satisfactoTy  description  of  this  capsule  can  only  be  given  in  connection 
with  its  deyelopment,  and  will  be  given  subsequently. 
•  Areldv  fUr  Micro,  Anat,  Vol.  xi.  1875. 
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who  has  studied  with  great  care  the  constitution  of  the  yolk, 
finds,  near  the  centre  of  the  ovum,  a  kernel  of  small  yolk  sphe- 
rules, which  is  succeeded  by  a  zone  of  spherules  which  gradually 
increase  in  size  as  they  approach  the  surface.  But,  near  the 
surface,  he  finds  a  layer  in  wliich  they  again  diminish  in  size 
and  exhibit  numerous  transitional  forms  on  the  way  to  molecular 
yolk-granulea  These  Dr  Schultz  regards  as  in  a  retrogressive 
condition. 

Another  interesting  feature  about  the  yolk  is  the  presence 
in  it  of  a  protoplasmic  network.  Dr  Schultz  has  completely 
confirmed,  and  on  some  points  enlarged,  my  previous  observa- 
tions on  this  subject*.  Dr  Schultz  s  confirmation  is  the  more 
important,  since  he  appears  to  be  unacquainted  with  my  pre- 
vious investigations.  In  my  paper  (loc.  cit),  after  giving  a 
description  of  the  network  I  make  the  following  statement  as 
to  its  distribution. 

"  A  specimen  of  this  kind  is  represented  in  Plate  xiii.  Fig.  2,  n. 
y,  where  the  meshes  of  the  network  are  seen  to  be  finer  immediately 
around  the  nuclei,  and  coarser  in  the  intervals.  The  specimen 
further  shews,  in  the  clearest  manner,  that  this  network  is  not 
divided  into  areas,  each  representing  a  cell  and  each  containing  a 
nucleus,  I  do  not  know  to  what  extent  this  network  extends  into 
the  yolk.  I  have  never  yet  seen  the  limits  of  it,  though  it  is  very 
common  to  see  the  coarsest  yolk-granules  lying  in  its  meshe&  Some 
of  these  are  shewn  in  Plate  xiii.  Fig.  2,  y.  A;." 

Dr  Schultz,  by  employing  special  methods  of  hardening  and 
cutting  sections  of  the  whole  egg,  has  been  able  to  shew  that 
this  network  extends,  in  the  form  of  fine  radial  lines,  from  the 
centre  to  the  circumference ;  and  he  rightly  states,  that  it 
exhibits  no  cell-like  structures.  I  have  detected  this  network 
extending  throughout  the  whole  yolk  in  young  eggs,  but 
have  failed  to  see  it  with  the  distinctness  which  Dr  Schultz 
attributes  to  it  in  the  ripe  ovum.  Since  it  is  my  intention  to 
enter  fully  both  into  the  structure  and  meaning  of  this  net- 
work in  my  account  of  a  later  stage,  I  say  no  more  about  it 
here. 

At  one  pole  of  the  ripe  ovum  a  slight  examination  demon- 
strates the  presence  of  a  small  circular  spot,  sharply  distin- 

1  Quart,  Joum.  Micro,  Science,  Oct.  1874. 
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guished  from  the  remainder  'of  the  yolk  by  its  lighter  colour. 
Around  this  spot  is  an  area  which  is  also  of  a  lighter  colour 
than  the  yolk,  and  the  outer  border  of  which  gradually  shades 
into  the  normal  tint  of  the  yolk.  If  a  section  be  made 
through  this  part  (vide  PL  XV.  fig.  1)  the  circular  spot  will  be 
found  to  be  the  germinal  vesicle,  and  the  area  around  it  a 
disc  of  yolk  containing  smaller  spherules  than  the  surround- 
ing parts.  The  germinal  vesicle  possessed  the  same  structure 
in  both  the  ripe  eggs  examined  by  me ;  and,  in  both,  it  was 
situated  quite  on  the  external  surface  of  the  yolk. 

In  one  of  my  specimens  it  was  flat  above,  but  convex 
below;  in  the  other  and,  on  the  whole,  the  better  preserved  of 
the  two,  it  had  the  somewhat  quadrangular  but  rather  irregular 
section  represented  in  (PI.  XV.  fig.  1).  It  consisted  of  a  thick- 
ish  membrane  and  its  primitive  contents.  The  membrane 
surrounded  the  upper  part  of  the  contents  and  exhibited 
numerous  folds  and  creases  (vide  fig.  I).  As  it  extended  down- 
wards it  became  thinner,  and  completely  disappeared  at  some 
little  distance  from  the  lower  end  of  the  contents.  These, 
therefore,  rested  below  on  the  yolk.  At  its  circumference  the 
membrane  of  the  disc  was  produced  into  a  kind  of  fold,  forming 
a  rim  which  rested  on  the  surface  of  the  yolk. 

In  neither  of  my  specimens  is  the  cavity  in  the  upper  part 
of  the  membrane  filled  by  the  contents ;  and  the  upper  part  of 
the  membrane  is  so  folded  and  creased  that  sections  through 
almost  any  portion  of  it  pass  through  the  folds.  The  regularity 
of  the  surface  of  the  yolk  is  not  broken  by  the  germinal 
vesicle,  and  the  yolk  around  exhibits  not  the  slightest  signs  of 
displacement.  In  the  germinal  vesicle  figured  the  contents 
are  somewhat  irregular  in  shape;  but  in  my  other  specimen 
they  form  a  regular  mass  concave  above  and  convex  below.  In 
both  cases  they  rest  on  the  yolk,  and  the  floor  of  the  yolk  is 
exactly  moulded  to  suit  the  surface  of  the  contents  of  the 
germinal  vesicle.  The  contents  have  a  granular  aspect,  but 
differ  in  constitution  from  the  surrounding  yolk.  Each  germi- 
nal vesicle  measured  about  one-fiftieth  of  an  inch  in  diameter. 

It  does  not  appear  to  me  possible  to  suppose  that  the  pecu- 
liar appearances  which  I  have  drawn  and  described  are  to  be 
looked  upon  as  artificial  products  either  of  the  chromic  acid,  in 
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which  the  ovra  were  hardened,  or  of  the  instrument  with  which 
sections  of  them  were  made.  It  is  hardly  conceivable  that 
chromic  acid  could  cause  a  rupture  of  the  membrane  and  the 
ejection  of  the  contents  of  the  vesicle.  At  the  same  time  the 
uniformity  of  the  appearances  in  the  different  sections,  the  regu- 
larity of  the  whole  outline  of  the  egg,  and  the  absence  of  any 
signs  of  disturbance  in  the  yolk,  render  it  impossible  to  believe 
that  the  structures  described  are  due  to  faults  of  manipulation 
during  or  before  the  cutting  of  the  sections. 

We  can  only  therefore  conclude  that  they  represent  the 
real  state  of  the  germinal  vesicle  at  this  period.  No  doubt 
they  alone  do  not  supply  a  sufficient  basis  for  any  firm  con- 
clusions as  to  the  fate  of  the  germinal  vesicle.  Still,  if  they 
cannot  sustain,  they  unquestionably  support  certain  views.  The 
natural  interpretation  of  them  is  that  the  membrane  of  the 
germinal  vesicle  is  in  the  act  of  commencing  to  atrophy,  pre- 
paratory to  being  extruded  from  the  egg,  while  the  contents  of 
the  germinal  vesicle  are  about  to  be  absorbed* 

In  favour  of  the  extinision  of  the  membrane  rather  than  its 
absorption  are  the  following  features, 

(1)  The  thickness  of  its  upper  surface. 

(2)  The  extension  of  its  edge  over  the  yolk. 

(3)  Its  position  external  to  the  yolk. 

In  favour  of  the  view  that  the  contents  will  be  left  behind 
and  absorbed  when  the  membrane  is  pushed  out,  are  the  follow- 
ing features  of  my  sections : 

(1)  The  rupture  of  the  membrane  of  the  germinal  vesicle 
on  its  lower  surface. 

(2)  The  position  of  the  contents  almost  completely  below 
the  membrane  of  the  vesicle  and  surrounded  by  yolk. 

In  connection  with  this  subject,  Oellacher's  valuable  observa- 
tions upon  the  behaviour  of  the  germinal  vesicle  in  Osseous 
Fishes  and  in  Birds  at  once  suggest  themselves  \  Oellacher 
sums  up  his  results  upon  the  behaviour  of  the  germinal  vesicle 
in  Osseous  Fishes  in  the  following  way  (p.  12) : 

1  Archiv  fUr  Micr.  Anat.  Vol.  vni.  p.  1. 
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"  The  germinal  vesicle  of  the  Trout's  egg,  at  a  period  when  the 
egg  is  very    nearly    ripe,    lies  near  the   surface  of  tlie  germinal 

disc  which   is   aggregated  together   in   a   hollow  of  the  yolk 

Afber  this  a  hole  appears  in  the  membrane  of  the  germinal  vesicle, 
which  opens  into  the  space  between  the  egg-membrane  and  the 
germinal  disc.  The  hole  widens  more  and  more,  and  the  membrane 
frees  itself  little  by  little  from  the  contents  of  the  germinal  vesicle, 
which  remain  behind  in  the  form  of  a  ball  on  the  floor  of  the  cavity 
formed  in  this  way.  The  cavity  becomes  flatter  and  flatter  and  the 
contents  are  pushed  up  further  and  further  from  the  germinal  disc. 
When  the  hollow,  in  which  lie  the  contents  of  the  original  germinal 
vesicle,  completely  vanishes,  the  covering  membrane  becomes  inverted 

and  the  membrane  is  spread  out  on  the  convex  surface  of  the 

germinal  disc  as  a  circular,  investing  structure.  It  is  clear  that  by 
the  removal  of  the  membrane  the  contents  of  the  germinal  vesicle 
become  lost." 

These  very  definite  statements  •  of  Oellacher  tell  strongly 
against  my  interpretation  of  the  appearance  presented  by  the 
germinal  vesicle  of  the  ripe  Skate's  egg.  Oellacher  s  account  is 
so  precise,  and  his  drawings  so  fully  bear  out  his  interpretations, 
that  it  is  very  difficult  to  see  where  any  error  can  have  crept  in. 

On  the  other  hand,  with  the  exception  of  those  which 
Oellacher  has  made,  there  cannot  be  said  to  be  any  satisfactory 
observations  demonstrating  the  extrusion  of  the  germinal  vesi- 
cle from  the  ovum.  Oellacher  has  observed  this  definitely  for 
the  Trout,  but  his  observations  upon  the  same  point  in  the 
Bird  would  quite  as  well  bear  the  interpretation  that  the  mem- 
brane alone  became  pushed  out,  as  that  this  occurred  to  the 
germinal  vesicle,  contents  and  all. 

While,  then,  there  are  on  the  one  hand  Oellacher's  observa- 
tions on  a  single  animal,  hitherto  unconfirmed,  there  are  on  the 
other  very  definite  observations  tending  to  shew  that  the  ger- 
minal vesicle  has  in  many  cases  an  altogether  different  fate. 
Gotte\  not  to  mention  other  observers  before  him,  has  in  the 
case  of  Batrachian's  eggs  traced  out  with  great  precision  the 
gradual  atrophy  of  the  germinal  vesicle,  and  its  final  absorption 
into  the  matter  of  the  ovum. 

Gotte  distinguishes  three  stages  in  the  degeneration  of  the 
germinal  vesicle  of  Bombiaator's  egg.  In  the  first  stage  the  ger- 
minal vesicle  has  begun  to  travel  up  towards  the  surface  of  the 
egg.     It  retains  nearly  its  primitive  condition,  but  its  contents 

1  Entwicklungsgeschichte  der  Unke. 
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have  become  more  opaque  and  have  partly  'withdrawn  them* 
selves  from  the  thin  membrane.  The  germinal  spots  are  still 
circular,  but  in  some  cases  have  increased  in  size.  The  most 
important  feature  of  this  stage  is  the  smaller  size  of  the  germi- 
nal vesicle  than  that  of  the  cavity  of  the  yolk  in  which  it  lies, 
a  condition  which  appears  to  demonstrate  the  commencing 
atrophy  of  the  vesicle. 

In  the  next  stage  the  cavity  containing  the  germinal  vesicle 
has  vanished  without  leaving  a  trace.  The  germinal  vesicle 
itself  has  assumed  a  lenslike  form,  and  its  borders  are  irregular 
and  pressed  in  here  and  there  by  yolk.  Of  the  membrane  of 
the  germinal  vesicle^  and  of  the  germinal  spots,  only  scanty 
remnants  are  to  be  seen,  many  of  which  lie  in  the  immediately 
adjoining  yolk. 

In  the  last  stage  no  fui*ther  trace  of  a  distinct  germinal 
vesicle  is  present.  In  its  place  is  a  mass  of  very  finely  granular 
matter,  which  is  without  a  distinct  border  and  graduates  into 
the  surrounding  yolk  and  is  to  be  looked  on  as  a  remnant  of 
the  germinal  vesicle. 

This  careful  investigation  of  Qotte  proves  beyond  a  doubt 
that  in  Batrachians  neither  the  membrane,  nor  the  contents  of 
the  germinal  vesicle,  are  extruded  from  the  egg. 

In  Mammalia^  Van  Beneden^  finds  that  the  germinal  vesicle 
becomes  invisible,  though  he  does  not  consider  that  it  abso- 
lutely ceases  to  exist.  He  has  not  traced  the  steps  of  the  process 
with  the  same  care  as  Gotte,  but  it  is  difiScult  to  believe  that 
an  extrusion  of  the  vesicle  in  the  way  described  by  Oellacher 
would  have  escaped  his  notice. 

Passing  from  Vertebrates  to  Invertebrates,  we  find  that 
almost  every  careful  investigator  has  observed  the  disappear* 
ance,  apparent  or  otherwise,  of  the  germinal  vesicle,  but  that 
very  few  have  watched  with  care  the  steps  of  the  process. 

The  so-called  Richtungskorper  h^  been  supposed  to  be  the 
extruded  remnant  of  the  germinal  vesicle.  This  view  has  been 
especially  adopted  and  supported  by  Oellacher  {loc,  dt),  and 
Flemming ". 

1  JUeherehes  iur  la  Conyposition  et  la  Siamfication  de  V(Euf, 
*  Btudien  in  der  Entwicklnngsgeschionte  der  Najaden,  Sitz.  d.  k.  Akad^ 
Wien,  Bd.  lxxi.  1875. 
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The  latter  author  regards  the  constant  presence  of  this  bod}^ 
and  the  facility  ivith  which  it  can  be  stained,  as  proofs  of  its 
connection  with  the  germinal  vesicle,  which  has,  however, 
according  to  his  observations,  disappeared  before  the  appear- 
ance of  the  Richtungskorper. 

Kleinenberg  *,  to  whom  we  are  indebted  for  the  most  pre- 
cise observations  we  possess  on  the  disappearance  of  the  germ- 
inal vesicle,  gives  the  following  account  of  it,  pp.  41  and  42. 

"  We  lefl  the  germinal  vesicle  as  a  vesicle  with  a  distinct  doubly 
contoured  membrane,  and  equally  distributed  granular  contents,  in 

which  the   germiual   spot  had  appeared The  germinal   vesicle 

reaches  0*06  mm.  in  diameter,  and  at  the  same  time  its  contents  under- 
go a  separation.  The  greater  part  withdraws  itself  from  the  membrane 
and  collects  as  a  dense  mass  around  the  germiual  spot,  while  closely 
adjoining  the  membrane  there  remains  only  a  very  thin  but  imbroken 
lining  of  the  plasmoid  material.  The  intermediate  space  is  filled 
with  a  clear  fluid,  but  the  layer  which  lines  the  membrane  retains 
its  connection  with  the  mass  around  the  germinal  vesicle  by  means 
of  numerous  fine  threads  which  traverse  the  space  filled  with  fluid. 

At  about  the  time  when  the  formation  of  the  pseudocells  in  the 

egg  is  completed  the  germinal  spot  undergoes  a  retrogressive  meta- 
morphosis, it  loses  its  circular  outline  and  it  now  appears  as  if 
coagidated ;  then  it  breaks  up  into  small  fragments,  and  I  am  fairly 

confident  that  these  become   dissolved.     The  germinal  vesicle 

becomes,  on  the  egg  assuming  a  spherical  form,  drawn  into  an 
eccentric  position  towards  the  pole  of  the  egg  directed  outwards, 
where  it  lies  close  to  the  surface  and  only  covered  by  a  very  thin 
layer  of  plasma.  In  this  situation  its  degeneration  now  begins, 
and  ends  in  its  complete  disappearance.  The  granular  contents 
become  more  and  more  fluid ;  at  the  same  time  part  of  them  pass 
out  through  the  membrane.  This,  which  so  fiir  was  firmly  stretched, 
next  collapses  to  a  somewhat  egg-like  sac,  whose  wall  is  thickened 
and  in  places  folded. 

'*  The  inner  mass  which  up  to  this  time  has  remained  compact 
now  breaks  up  into  separate  highly  refractive  bodies,  of  spherical 
or  angular  form  and  of  very  different  sizes  j  between  them,  here  and 

there,  are  scattered  drops  of  a  fluid  fat I  am  very  much  inclined 

to  regard  the  solid  bodies  in  question  as  fat  or  as  that  peculiar 
modification  of  albuminoid  bodies  which  we  recognise  as  the  certain 
forerunner  of  the  formation  of  fat  in  so  many  pathologically  altered 
tissues;  and  therefore  to  refer  the  disappearance  of  the  germinal 
vesicle  to  a  fatty  degeneration.  On  one  occasion  1  believe  that  I 
observed  an  opening  in  the  membrane  at  this  stage;  if  this  is  a 
normal  condition  it  would  be  possible  to  believe  i£at  its  solid  con- 
tents passed  out  and   were  taken  up  in  the  surrounding  plasma. 

^  Hydra.    Leipzig,  1872. 
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Wkat  becomes  of  the  membrane  I  am  unable  to  b&j  ;  in  any  case 
the  gemiinal  vesicle  has  vaniBhed  to  the  very  last  trace  before 
impregnation  occura." 

Kleinenber^  clearly  finds  that  the  germinal  vesicle  disappears 
completely  before  the  appearance  of  the  Bichtungskorper,  in 
which  he  states  a  pseudocell  or  yolk-sphere  is  usually  found. 

The  connection  between  the  Bichtungskorper  and  the  germi- 
nal vesicle  is  not  a  result  of  strict  observation,  and  there  can 
be  no  question  that  the  evidence  in  the  case  of  invertebrates 
lends  to  prove  that  the  germinal  vesicle  in  no  case  disappears 
owing  to  ita  extrusion  from  the  egg,  but  that  if  part  of  it  is 
extruded  from  the  egg  as  Bichtungskorper  this  occurs  when  its 
constituents  can  no  longer  be  distinguished  from  the  remainder 
of  tlie  yolk.  This  is  clearly  the  case  in  Hydra,  where,  as  stated 
above,  one  of  the  pseudocells  or  yolk-spheres  is  usually  found 
imbedded  in  the  Bichtungskorper. 

My  observations  on  the  Skate  tend  to  shew  that,  in  its  case, 
the  membrane  of  the  germinal  vesicle  is  extruded  from  the  egg, 
though  they  do  not  certainly  prove  this.  That  conclusion  is 
however  supported  by  the  observations  of  Schenk\  He  found 
in  the  impregnated,  but  not  yet  segmented,  germinal  disc  a 
cavity  which,  as  he  suggests,  might  well  have  been  occupied 
by  the  germinal  vesicle.  It  is  not  unreasonable  to  suppose  that 
the  membrane,  being  composed  of  formed  matter  and  able  only 
to  take  a  passive  share  in  vital  functions,  could,  without  thereby 
influencing  the  constitution  of  the  ovum,  be  ejected, 

I£  we  suppose,  and  this  is  not  contradicted  by  observation, 
that  the  Bichtungskorper  is  either  only  the  metamorphosed 
membrane  of  the  germinal  vesicle  with  parts  of  the  yolk,  or  part 
of  the  yolk  alone,  and  assume  that  in  Oellacher's  observations 
only  the  membrane  and  not  the  contents  were  extruded  from 
tb©  egg,  it  would  be  possible  to  frame  a  consistent  account  of 
the  behaviour  of  the  germinal  vesicle  throughout  the  animal 
kingdom,  which  may  be  stated  in  the  following  way. 

The  germinal  vesicle  usually  before,  but  sometimes  imme- 
diately after  impregnation  undergoes  atrophy  and  its  contents 
.  become  indistinguishable  from  the  remainder  of  the  egg.    In 

>  Die  Eier  Ton  Bag«  quadruuenUta,  Sibi,_der  k.  Akad.  Wien,  Bd.  lxtiu. 
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those  cases  in  which  its  membrane  is  very  thick  and  resistent, 
€,g.  Osseous  and  Elasmobranch  Fishes^  Birds,  etc.,  this  may  be 
incapable  of  complete  resorption,  and  be  extnided  bodily  from 
the  egg.  In  the  case  of  most  ova,  it  is  completely  absorbed, 
though  at  a  subsequent  period  it  may  be  extruded  from  the  egg 
as  the  Richtungskorper.  In  all  qases  the  contents  of  the 
germinal  vesicle  remain  in  the  ovum. 

In  some  oases  the  germinal  vesicle  is  stated  to  persist  and 
to  undergo  division  during  the  proce3s  of  segmentation.  The 
observations  on  this  point  stand  in  need  of  confirmation,  but 
even  if  true  would  not  be  altogether  inexplicable  on  the  suppo* 
sition  that  whether  the  germinal  vesicle  vanishes  or  divides,  the 
matter  of  the  first  segmentation-nuclei  is  derived  from  it. 

My  investigations  shew  that  the  germinal  vesicle  atrophies 
in  the  Skate  befpre  i|i^pregnation,  and  in  this  respect  accord 
with  very  many  recent  obseryations.  Of  these  the  foUowing 
may  be  mentioned, 

(1)  Oellacher  (Bird,  Osseous  Fish). 

(2)  (}dtte  (Bombinator  igneus). 

(3)  Eupffer  (Ascidia  Canina). 

(4)  Strasbprger  (Phallusia  Mamillata). 

(5)  Elleinenberg  (Hydra). 

(6)  Metsohnikoff  (Geryonia,  Polyzenia  leucostyla,  Epibulia 
aurantiaca,  and  other  Hydrozoa). 

This  list  is  sufficient  to  shew  that  the  disappearance  of  the 
germinal  vesicle  before  impregnation  is  very  common,  and  I 
am  unacquainted  with  any  observations  tending  to  shew  that 
its  disappearance  is  due  to  impregnation. 

In  many  cases,  e.  ^.  Asterocanthion*,  the  germinal  vesicle 
vanishes  after  the  spermatozoa  have  begun  to  surround  the  egg ; 
but  I  do  not  know  that  its  disappearance  in  these  cases  has 
been  shewn  to  be  due  to  impregnation.  To  do  so  it  would  be 
necessary  to  prove  that  in  ripe  eggs  let  loose  fron^  the  ovary,  but 
not  fertilized,  the  germinal  vesicle  did  not  updergo  the  same 
changes  as  in  the  case  of  fertilized  eggs ;  and  this,  as  far  as  I 
know,  has  not  been  done.  After  the  disappearance  of  the 
germinal  vesicle,  and  before  the  first  act  of  division,  a  fresh 

*  A|[M8iz,  EwXfryology  of  the  StartFith, 
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nucleus  frequently  appears  [ — vide — Auerbach  (Ascaris  nigro- 
venosa),  Fol  (Qeiyonia),  Kupffer  (Ascidia  canina),  Strasburger 
(Phallusia  mamillata),  Fleming  (Anodon),  Gotte  (Bombinator 
igneus)],  which  is  generally  stated  to  vanish  before  the  appear- 
ance of  the  first  furrow ;  but  in  some  cases  (Eupffer  and  Gotte, 
and  as  studied  with  especial  care  Strasburger)  it  is  stated  to 
divide.  Upon  the  second  nucleus,  or  upon  its  relation  to  the 
germinal  vesicle,  I  have  no  observations ;  but  it  appears  to  me 
of  great  importance  to  determine  whether  this  fresh  nucleus 
arises  absolutely  de  novOj  or  is  formed  out  of  the  matter  of  the 
germinal  vesicle* 

The  germinal  vesicle  is  situated  in  a  bed  of  finely  divided 
yolk-particles.  These  graduate  insensibly  into  the  coarser  yolk- 
spherules  around  them,  though  the  band  of  passage  between  the 
coarse  and  the  finer  yolk-particles  is  rather  narrow.  The  mass 
of  fine  yolk-granules  may  be  called  the  germinal  disc.  It  is 
not  to  be  looked  upon  as  diverging  in  any  essential  particular 
from  the  remainder  of  the  yolk,  for  the  difierence  between  the  two 
is  one  of  degree  only*  It  contains  in  fact  a  larget  bulk  of  active 
protoplasm,  as  compared  with  yolk-granules,  than  does  the 
remainder  of  the  ovum.  The  existence  of  this  agreement  in 
kind  has  been  already  strongly  insisted  on  in  my  preliminary 
paper ;  and  Sohultz  {loc,  cit)  has  arrived  at  an  entirely  similar 
conclusion,  from  his  own  independent  observations. 

One  interesting  feature  about  the  gertninal  disc  at  this 
period  is  its  size. 

My  observations  upon  it  have  been  made  with  the  eggs  of 
the  Skate  (Baja)  alone ;  but  1  think  that  it  is  not  probable  that 
its  size  in  the  Skate  is  greater  than  in  Scylliuoi  or  Pristiurus. 
If  its  size  is  the  same  in  all  these  genera,  then  the  germinal 
disc  of  the  unimpregnated  ovum  is  very  much  greater  than  that 
portion  of  the  ovum  which  undergoes  segmentation,  and  which 
is  usually  spoken  of  as  the  germinal  disc  in  impregnated  ova. 

I  have  no  further  observation  on  the  ripe  ovarian  ovum; 
and  my  next  observations  concern  an  ovum  in  which  two  furrows 
have  already  appeared* 
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II.    The  Segmentation. 

I  have  not  been  fortunate  enough  to  obtain  an  absolutely 
complete  series  of  eggs  during  segmentation. 

In  the  cases  of  Pristiurus^  and  Scyllium  only  have  I  had 
any  considerable  number  of  eggs  in  this  condition^  though  one 
or  two  eggs  of  Baja  in  which  the  process  was  not  completed 
have  come  into  my  hands. 

In  the  youngest  impregnated  Pristiurus  eggs,  which  I  have 
obtained,  the  germinal  disc  was  already  divided  into  four  seg- 
ments. 

The  external  appearance  of  the  blastoderm,  which  remains 
nearly  constant  during  segmentation,  has  been  already  well 
described  by  Leydig*. 

The  yolk  has  a  pale  greenish  tinge  which,  on  exposure  to 
the  air,  acquires  a  yellower  hue.  The  true  germinal  disc  ap- 
pears as  a  circular  spot  of  a  bright  orange  colour,  and  is,  accord- 
ing to  Leydig's  measurements,  IJm.  in  diameter.  Its  colour 
renders  it  very  conspicuous,  a  feature  which  is  further  increased 
by  its  being  surrounded  by  a  narrow  dark  line  (PI.  XV.  fig.  2), 
the  indication  of  a  shallow  groove.  Surrounding  this  line  is  a 
concentric  space  which  is  lighter  in  colour  than  the  remainder 
of  the  yolk,  but  whose  outer  border  passes  by  insensible  gra- 
dations into  the  yolk.  As  was  mentioned  in  my  preliminary 
paper  {loc.  cit),  and  as  Leydig  {loc.  dt)  had  before  noticed,  the 
germinal  disc  is  always  situated  at  the  pole  of  the  yolk  which 
is  near  the  rounded  end  of  the  Pristiurus  egg.  It  occupies  a 
corresponding  position  in  the  eggs  of  both  species  of  Scyllium 
(stellare  and  canicula)  near  the  narrower  end  of  the  egg  to 
which  the  shorter  pair  of  strings  is  attached.  The  germinal  disc 
in  the  youngest  egg  examined,   exhibited  two  furrows  which 

• 

^  In  my  preliminary  paper  {Quart.  Journal  of  Micr.  Science  1874),  I  stated 
that  I  had  chiefly  dealt  with  the  eggs  of  a  species  of  Mastelus.  Pristionis 
however,  and  not  Mustolus,  is  the  genns  I  have  been  working  on.  I  was  led 
into  this  unfortunate  mistake  partly  by  the  mendacity  of  the  Neapolitan  fisher- 
man who  brought  me  a  species  of  Mustelus  as  the  fish  from  which  they  derived 
the  eggs  they  procured  for  me,  and  partly  by  my.  own  ignorance  in  not  being 
aware  that  neither  species  of  Mustelus  is  oviparous.  I  was  able  to  correct  #ny 
error  on  returning  to  Naples  in  the  spring  of  this  year,  when  I  aotuaUy  removed 
eggs,  simUar  to  those  I  had  been  working  with,  from  the  oviduct  of  a  Pristiuroa. 

*  R&chen  und  Haie. 
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crossed  each  other  at  right  angles  in  the  centre  of  the  disc,  but 
neither  of  which  reached  its  edge.  These  furrows  accordingly 
divided  the  disc  into  four  segments,  completely  separated  from 
each  other  at  the  centre  of  the  disc^  but  united  near  its  cir- 
cumference. 

I  made  sections,  though  not  very  satisfactorily,  of  this 
germinal  disc.  The  sections  shewed  that  the  disc  was  composed 
of  a  protoplasmic  basis,  in  which  were  imbedded  innumerable 
minute  spherical  yolk-globules  so  closely  packed  as  to  constitute 
nearly  the  whole  mass  of  the  germinal  disc. 

In  passing  from  the  coarsest  yolk-spheres  to  the  fine  sphe- 
rules of  the  germinal  disc,  three  bands  of  different  sized  yolk- 
particles  have  to  be  traversed.  These  bands  graduate  into  one 
another  and  are  without  sharp  lines  of  demarcation.  The  outer 
of  the  three  is  composed  of  the  largest  sized  yolk-spherules 
which  constitute  the  greater  part  of  the  ovum.  The  middle  band 
forms  a  concentric  layer  around  the  germinal  disc,  and  is  com- 
posed of  yolk-spheres  considerably  smaller  than  those  outside  it 
Where  it  cuts  the  surface  it  forms  the  circle  of  lighter  colour 
immediately  surrounding  the  germinal  disc.  The  innermost 
band  is  formed  by  the  germinal  disc  itself  and  is  composed  of 
spherules  of  the  smallest  size.  These  features  are  shewn  in 
PI.  XV.  fig.  6,  which  is  the  section  of  a  germinal  disc  with  twenty- 
one  segments;  in  it  however  the  outermost  band  of  spherules  is 
not  present. 

From  this  description  it  is  clear,  as  has  already  been  men- 
tioned in  the  description  of  the  ripe  unimpregnated  ovum,  that 
the  germinal  disc  is  not  to  be  looked  upon  as  a  body  entirely 
distinct  from  the  remainder  of  the  ovum,  but  merely  as  a  part 
of  the  ovum  in  which  the  protoplasm  is  more  concentrated  and 
the  yolk-spherules  smaller  than  elsewhere.  Sections  shew  that 
the  furrows  visible  on  the  surface  end  below,  as  indeed  they  do 
on  the  surface,  before  they  reach  the  external  limit  of  the  finely 
granular  matter  of  the  germinal  disc.  There  are  therefore  at 
this  stage  no  distinct  segments :  the  otherwise  intact  germinal 
disc  is  merely  grooved  by  two  fuiTOWS. 

I  failed  to  observe  any  nuclei  in  the  germinal  disc  just 
described,  but  it  by  no  means  follows  that  they  were  not 
present. 
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In  the  next  youngest  of  the  cggs^  examined  the  germinal 
disc  was  ahready  divided  into  twenty-one  segments.  When 
viewed  from  the  surface  (PL  xv.  fig.  3),  the  segments  appeared 
divided  into  two  distinct  groups — an  inner  group  of  eleven 
smaller  segments,  and  an  outer  group  of  segments  surrounding 
the  former.  The  segments  of  hoth  the  inner  and  the  outer 
group  were  very  irregular  in  shape  and  varied  considerably  in 
size.  The  amount  of  irregularity  is  far  from  constant  and  many 
germinal  discs  are  more  regular  than  the  one  figured. 

In  this  case  the  situation  and  relations  of  the  germinal  disc 
to  the  yolk  were  precisely  the  same  as  in  the  earlier  stage. 

In  sections  of  this  germinal  disc  (PL  XV.  fig.  6),  the  groove 
which  separates  it  from  the  yolk  is  well  marked  on  one  side, 
but  hardly  visible  at  the  other  extremity  of  the  section. 

Passing  from  the  external  features  of  this  stage  to  those 
which  are  displayed  by  sections,  the  striking  point  to  be  noticed 
is  the  persisting  continuity  of  the  segments,  marked  out  on  the 
surface,  with  the  floor  of  the  germinal  disa 

The  furrows  which  are  visible  on  the  surface  merely  form 
a  pattern,  but  do  not  isolate  a  series  of  distinct  segments. 
They  do  not  even  extend  to  the  limit  of  the  finely  granular 
matter  of  the  germinal  disc. 

The  section  represented  PL  XV.  fig.  6,  bears  out  the  state- 
ments about  the  segments  as  seen  on  the  surface.  There  are 
three  smaller  segments  in  the  middle  of  the  section,  and  two 
larger  at  the  two  ends.  These  latter  are  continuous  with  the 
coarser  yolk-spheres  surrounding  the  germinal  disc  and  are  not 
separated  from  them  by  a  segmentation  furrow. 

In  a  slightly  older  embryo  than  the  one  figured  I  met  with 
a  few  completely  isolated  segments  at  the  surface.  These 
segments  were  formed  by  the  apparent  bifurcation  of  furrows 
as  they  neared  the  surface  of  the  germinal  disc.  The  segments 
thus  produced  are  triangular  in  form.  They  probably  owe  their 
origin  to  the  meeting  of  two  oblique  furrows.  The  last  formed 
of  these  furrows  apparently  ceases  to  be  prolonged  after  meeting 
the  first-formed  furrow.  I  have  not  in  any  case  observed  an 
example  of  two  furrows  crossing  one  another  at  this  stage. 

^  The  germinal  disc  figured  was  from  the  egg  of  a  Bcylliam  stellare  and  not 
Priftionis,  but  I  have  also  sections  of  a  PristinmB  egg  of  the  same  age,  which 
do  not  differ  mater.'alljr  from  the  Scyllium  sections. 
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The  furrows  themselves  for  the  most  part  are  by  no  means 
simple  slits  with  parallel  sides.  They  exhibit  a  beaded  structure, 
shewn  imperfectly  in  PL  XV.  fig.  6,  but  better  in  PI.  xv.  fig.  6  a, 
which  is  executed  on  a  larger  scale.  They  present  intervals 
of  dilatations  where  the  protoplasms  of  the  segments  on  the 
two  sides  of  the  furrow  are  widely  separatedj  alternating  with 
intervals  where  the  protoplasms  of  the  two  segments  are  almost 
in  contact  and  are  only  separated  from  one  another  by  a  very 
narrow  space. 

A  closer  study  of  the  germinal  disc  at  this  period  shews 
that  the  cavities  which  cause  the  beaded  structure  of  the 
furrows  are  not  only  present  along  the  lines  of  the  furrows 
but  are  also  found  scattered  genendly  through  the  germinal  disc, 
though  far  more  thickly  in  the  neighbourhood  of  the  furrows. 
Their  appearance  is  that  of  vacuoles,  and  with  these  they  are 
probably  to  be  compared.  There  can  be  little  question  that 
in  the  living  germinal  disc  they  are  filled  with  fluid.  In  some 
cases,  they  are  collected  in  very  large  numbers  in  the  region 
of  a  furrow.  Such  a  case  as  this  is  shewn  in  PI.  xv.  fig.  6  b.  In 
numerous  other  cases  they  occur,  roughly  speaking,  alternately 
on  each  side  of  a  furrow.  Some  furrows,  though  not  many,  are 
entirely  destitute  of  these  structures.  The  character  of  their 
distribution  renders  it  impossible  to  overlook  the  fact  that  these 
vacuole-like  bodies  have  important  relations  with  the  formation 
of  the  segmentation  furrows,  but  to  this  subject  I  intend  to 
return. 

Lining  the  two  sides  of  the  segmentation  furrows  there  is 
present  in  sections  a  layer  which  stains  deeply  with  colouring 
re-agents;  and  the  surface  of  the  blastoderm  is  stained  in  the 
same  manner.  In  neither  case  is  it  permissible  to  suppose 
that  any  membrane-like  structure  is  present.  In  many  cases  a 
similar  very  delicate,  but  deeply-stained  line,  invests  the  vacuo- 
lar cavities,  but  the  fluid  filling  these  remains  quite  unstained. 
When  distinct  segments  are  formed,  each  of  these  is  surrounded 
by  a  similarly  stained  line. 

The  yolk-spherules  are  so  numerous,  and  render  even  the 
thinnest  section  so  opaque,  that  I  have  failed  to  make  satis- 
factory observations  on  the  behaviour  of  the  nucleus.  I  find 
nuclei  in  many  of  the  segments,  though  it  is  very  difficult  even 
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to  see  them,  and  only  in  veiy  favourable  specimens  can  their 
structure  be  studied.  In  some  cases,  two  of  them  lie  one  on 
each  side  of  a  furrow ;  and  in  one  case  at  the  extreme  end  of  a 
furrow  I  could  see  two  peculiar  aggregations  of  yolk-spherules 
united  by  a  band  through  which  the  furrow,  had  it  been  con-i 
tinued,  would  have  passed.  The  connection  (if  any  exists)  be- 
tween this  appearance,  and  the  formation  of  the  fresh  nuclei 
in  the  segments,  I  have  been  unable  to  elucidate. 

The  peculiar  appearances  attending  the  formation  of  fresh 
nuclei  in  connection  with  cell-division,  which  have  recently 
been  described  by  so  many  observers,  have  hitherto  escaped  my 
observation  at  this  stage  of  the  segmentation,  though  I  shall 
describe  them  in  a  later  stage.  A  nucleus  of  this  stage  is  shewn 
on  PL  XV.  fig.  6  c.  It  is  lobate  in  form  and  is  divided  by  lines 
into  aceas  in  each  of  which  a  deeply-stained  granule  is  situated. 

The  succeeding  stages  of  segmentation  present  from  the 
surface  no  fresh  features  of  great  interest  The  somewhat 
irregular  (PI.  XV.  figs.  4  and  5)  circular  line,  which  divides  the 
peripheral  larger  from  the  central  smaller  segments,  remains  for 
a  long  time  conspicuous.  It  appears  to  be  the  representative  of. 
the  horizontal  furrow  which,  in  the  Batrachian  ovum,  separates 
the  smaller  pigmented  spheres  from  the  larger  spheres  of  the 
lower  pole  of  the  egg. 

As  the  segments  become  smaller  and  smaller,  the  distinction 
between  the  peripheml  and  the  central  segments  becomes  less 
and  less  marked ;  but  it  has  not  disappeared  by  the  time  that 
the  segments  become  too  small  to  be  seen  with  the  simple 
lens.  When  the  spheres  become  smaller  than  in  the  germinal 
disc  represented  on  PI.  xv.  fig.  5,  the  features  of  segmentation 
can  be  more  easily  and  more  satisfactorily  studied  by  means  of 
sections. 

To  the  features  presented  in  sections,  both  of  the  latter 
and  of  the  earlier  blastoderms,  I  now  return.  A  section  of 
one  of  the  earlier  germinal  discs,  of  about  the  age  of  the  one 
represented  on  PL  xv.  fig.  4,  is  shewn  in  PL  xvi.  fig.  7. 

It  is  clear  at  a  glance  that  we  are  now  dealing  with  true 
segments  completely  circumscribed  on  all  sides.  The  peri- 
pheral segments  are,  as  a  rule,  larger  than  the  more  central 
ones,  though  in  this  respect  there  is  considerable  irregularity. 
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The  segments  are  becoming  smaller  by  repeated  division ; 
but,  in  addition  to  this  mode  of  increase,  there  is  now  going 
on  outside  the  germinal  disc  a  segmentation  of  the  yolk,  by 
which  fresh  segments  are  being  formed  from  the  yolk  and 
added  to  those  which  already  exist  in  the  germinal  disc.  One 
or  two  such  segments  are  seen  in  the  act  of  being  formed 
(PL  XVI.  fig.  7  /)  ;  and  it  is  to  be  noticed  that  the  furrows 
which  will  eventually  mark  out  the  segments,  do  so  at  first  in  a 
partial  manner  only,  and  do  not  circumscribe  the  whole  circum- 
ference of  the  segment  in  the  act  of  being  formed.  These 
fresh  furrows  are  thus  repetitions  on  a  small  scale  of  the  earliest 
segmentation  furrows. 

It  deserves  to  be  noticed  that  the  portion  of  the  germinal  disc 
which  has  already  undergone  segmentation,  is  still  surrounded 
by  a  broad  band  of  small-sized  yolk -spherules.  It  appears  to 
me  probable  that  owing  to  changes  taking  place  in  the  spherules 
of  the  yolk,  which  result  in  the  formation  of  fresh  spherules  of 
a  small  size,  this  band  undergoes  a  continuous  renovation. 

The  uppermost  row  of  segmentation  spheres  is  now  com- 
mencing to  be  distinguished  from  the  remainder  as  a  separate 
layer  which  becomes  progressively  more  distinct  as  segmenta- 
tion  proceeds. 

The  largest  segments  in  this  section  measure  about  the 
•Y^th  of  an  inch  in  diameter,  and  the  smallest  about  ^^th  of 
an  inch. 

The  nuclei  at  this  stage  present  points  of  rather  a  special  in- 
terest. In  the  first  place,  though  visible  in  many,  and  certainly 
present  in  all  the  segments \  they  are  not  confined  to  these : 
they  are  also  to  be  seen,  in  small  numbers,  in  the  band  of 
fine  spherules  which  surrounded  the  already  segmented  part 
of  the  germinal  disc.  Those  found  outside  the  germinal  disc  are 
not  confined  to  the  spots  where  fresh  segments  are  appearing, 
but  are  also  to  be  seen  in  places  where  there  are  no  traces  of 
fresh  segments. 

This  fact,  especially  when  taken  in  connection  with  the  forma- 

^  In  the  figure  of  this  stage,  I  have  inserted  nuclei  in  all  the  segments.  In 
the  section  from  which  the  figure  was  taken,  nndei  were  not  to  he  seen  in  many 
of  the  segments,  hat  I  have  not  a  qnestion  Uiat  they  were  present  in  aU  of  them. 
The  difficulty  of  seeixig  them  is,  in  part,  due  to  the  yolk-sphcomles  and  in  part  to 
the  thinness  of  the  section  as  compared  with  the  diameter  of  a  segmentation 
sphere. 


394  MR  BALFOtm. 

tion  of  fresh  segments  outside  the  germinal  disc  and  with  other 
facts  which  I  shall  mention  hereafter,  is  of  great  morphological 
interest  as  bearing  upon  the  liature  and  homologies  of  the 
food-yolk.  It  also  throws  light  upon  the  behaviour  and  mode 
of  increase  of  the  nuclei.  All  the  Qucleij  both  those  of  the 
segments  and  those  of  the  yolk,  have  the  peculiar  structure  I 
described  in  the  last  stage. 

In  specimens  of  this  stage  I  have  been  able  to  observe 
certain  points  which  have  an  important  bearing  upon  the  be- 
haviour of  the  nucleus  during  cell-division. 

Three  figures,  illustrating  the  behaviour  of  the  nucleus,  as 
I  have  seen  it  in  sections  of  blastoderms  hardened  in  chromic 
acid,  are  shewn  in  PL  xvi,  figs.  7a,  76  and  7c. 

In  the  place  of  the  nucleus  is  to  be  seen  a  sharply  defined 
figure  (Fig.  7  a)  stained  in  the  same  Way  as  the  nucleus 
or  more  deeply.  It  has  the  shape  of  two  cones  placed  base 
to  base.  From  the  apex  of  each  cone  there  diverge  to- 
wards the  base  a  series  of  excessively  fine  striae.  At  the  junc- 
tion between  the  two  cones  is  an  irregular  linear  series  of  small 
deeply  stained  granules  which  fonn  an  apparent  break  between 
the  two.  The  line  of  this  break  is  continued  very  indistinctly 
beyond  the  edge  of  the  figure  on  each  side. 

From  the  apex  of  each  cone  there  diverge  outwards  into  the 
protoplasm  of  the  cell  a  series  of  indistinct  markings^  They  are 
rendered  obscure  by  the  presence  of  yolk-spherules,  which 
completely  surround  the  body  just  described,  but  which  are  not 
arranged  with  any  reference  to  these  markings.  These  latter 
striae,  diverging  from  the  apex  of  the  cone^  are  more  distinctly 
seen  when  the  apex  points  to  the  observer  (Fig.  7  b),  than  when 
a  side  of  the  cone  is  in  view. 

The  striae  diverging  outwards  from  the  apices  of  the  cones 
must  be  carefully  distinguished  fl^m  the  striae  of  the  cones 
themselves.  The  cones  are  bodies  quite  as  distinctly  difier- 
entiated  from  the  protoplasm  of  the  cell  as  nuclei,  while  the 
striae  which  diverge  from  their  apices  are  merely  structiires  in 
the  general  protoplasm  of  the  cell. 

In  some  cells,  which  contain  these  bodies,  no  trace  of  a  com- 
mencing line  of  division  is  visible.  In  other  cases  (Fig.  7  o), 
■uch  a  line  of  division  does  appear  and  passes  through  the 
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junction  of  the  two  cones.  In  one  case  of  this  kind  I  fancied 
I  could  see  (and  have  represented)  a  coloured  circular  body 
in  each  cone.  I  do  not  feel  any  confidence  that  these  two  bodies 
are  constantly  present;  and  even  where  visible  they  are  very 
indistinct 

Instead  of  an  ordinary  nucleus  a  very  indistinctly  marked 
vesicular  body  sometimes  appears  in  a  segment ;  but  whether 
it  is  to  be  looked  on  as  a  nucleus  not  satisfactorily  stained, 
or  as  a  nucleus  in  the  act  of  being  formed,  I  cannot  decide. 

With  reference  to  the  situation  of  the  cone-like  bodies  I  have 
described  I  have  made  an  observation  which  appears  to  me 
to  be  of  some  interest  I  find  that  bodies  of  this  kind  are 
found  in  the  yolk  completely  oviside  the  germinal  disc.  I  have 
made  this  observation,  in  at' least  two  cases  which  admitted  of 
no  doubt  (vide  Fig.  7  nx). 

We  have  therefore  the  remarkable  fact,  that  whatever  con- 
nection these  bodies  may  have  with  cell-division,  they  can  occur 
in  cases  where  this  is  altogether  out  of  the  question  and  where 
an  increase  in  the  number  of  nuclei  can  be  their  only  product. 

These  are  the  main  facts  which  I  have  been  able  to  de- 
termine with  reference  to  the  nuclei  of  this  stage;  but  it  will 
conduce  to  clearness  if  I  now  finish  what  I  have  to  say  upon 
this  subject. 

At  a  still  later  stage  of  segmentation  the  same  peculiar 
bodies  are  to  be  seen  as  during  the  stage  just  described,  but 
they  are  rarer;  and,  in  addition  to  them,  other  bodies  are  to  be 
seen  of  a  character  intermediate  between  ordinary  nuolei  and 
the  former  bodies. 

Three  such  are  represented  in  PL  XVI.  figs.  8  a,  86, 8  c.  In  all 
of  these  there  can  be  traced  out  the  two  cones,  which  are  however 
very  irregular.  The'striation  of  the  cones  is  still  present,  but 
is  not  nearly  so  clear  as  it  was  in  the  earlier  stage. 

In  addition  to  this,  there  are  numerous  deeply  stained 
granules  scattered  about  the  two  figures  which  resemble  exactly 
the  gnmules  of  typical  nuclei. 

All  these  bodies  occupy  the  place  of  an  ordinary  nucleus, 
they  stain  like  an  ordinary  nucleus  and  are  as  sharply  defined 
as  an  ordinary  nucleus. 

There  is  present  around  some  of  thesoj  especially  those 


396  MR  BALFOUB. 

situated  in  the  yolk,  the  network  of  lines  of  the  yolk  de- 
scribed by  me  in  a  preliminary  paper\  and  I  feel  satisfied  that 
there  is  in  some  cases  an  actual  connection  between  the  net- 
work and  the  nuclei.  This  network  I  shall  describe  more  fully 
hereafter. 

Further  points  about  these  figures  and  the  nuclei  of  this 
stage  I  should  like  to  have  been  able  to  observe  more  com« 
pletely  than  I  have  done,  but  they  are  so  small  that  with  the 
highest  powers  I  possess  (Zeiss,  Immersion  No.  2  » -^^  in.)  their 
complete  and  satisfactory  investigation  is  not  possible. 

Most  of  the  true  nuclei  of  the  cells  of  the  germinal  disc 
are  regularly  rounded;  those  however  of  the  yolk  are  fre- 
quently irregular  in  shape  and  often  provided  with  knob-like 
processes.  The  gradations  are  so  complete  between  typical 
nuclei  and  bodies  like  that  shewn  (PL  XVL  fig.  8  c)  that  it 
is  impossible  to  refuse  the  name  of  nucleus  to  the  latter. 

In  many  cases  two  ntidei  are  present  in  one  cell. 

In  later  stages  knob-like  nuclei  of  various  sizes  are  scat* 
tered  in  very  great  numbers  in  the  yolk  around  the  blasto^ 
•derm.  In  some  cases  it  appears  to  me  that  several  of  these  are 
in  close  juxta-position,  as  if  they  had  been  produced  by  the 
division  of  one  primitive  nucleus.  I  do  not  feel  absolutely 
confident  that  this  is  the  case,  owing  to  the  fact  that  in  the 
investigation  of  a  knobbed  body  there  is  great  difficulty  in 
ascertaining  that  the  knobs,  which  appear  separate  in  one  plane, 
are  not  in  reality  united  in  another. 

I  have,  in  spite  of  careful  search,  hitherto  failed  to  find 
amongst  these  later  nuclei  cone-like  figures,  similar  to  those  I 
found  in  the  yolk  during  segmentation.  This  is  the  more  remark- 
able since  in  the  early  stages  of  segmentation,  when  very  few 
nuclei  are  present  in  the  yolk,  the  cone-like  figures  are  not  un- 
common ;  whereas,  in  the  latter  stages  of  development  when 
the  nuclei  of  the  yolk  are  very  common  and  obviously  increas- 
ing rapidly,  such  figures  are  not  to  be  met  with. 

In  no  case  have  I  been  able  to  see  a  distinct  membrane 
round  any  of  the  nuclei. 

I  have  hitherto  attempted  to  describe  the  appearances 

• 

*  Loc.  ct't. 
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bearing  on  the  behaviour  of  the  nuclei  in  as  objective  a  manner 
as  possible. 

My  observations  are  not  as  complete  as  could  be  desired; 
but,  taken  in  conjunction  with  those  of  other  investigators,  they 
appear  to  me  to  point  towards  certain  definite  conclusions  with 
reference  to  the  behaviour  of  the  nucleus  in  cell-division. 

The  most  important  of  these  conclusions  may  be  stated  as 
follows.  In  the  act  of  cell-division  the  nuclei  of  the  resulting 
cells  are  formed  from  the  nucleus  of  the  primitive  cell 

This  may  occur; — 

(1)  By  the  complete  solution  of  the  old  nucleus  within  the 
protoplasm  of  the  mother  cell  and  the  subsequent  reaggregation 
of  its  matter  to  form  the  nuclei  of  the  freshly  formed  daughter 
cells, 

(2)  By  the  simple  division  of  the  nucleus, 

(3)  Or  by  a  process  intermediate  between  these  two  where 
part  of  the  old  nucleus  passes  into  the  general  protoplasm  and 
part  remains  always  distinguishable  and  divides;  the  fresh 
nucleus  being  in  this  case  formed  from  the  divided  parts  as  well 
as  from  the  dissolved  parts  of  the  old  nucleus* 

Included  in  this  third  process  it  is  permissible  to  suppose 
that  we  may  have  a  series  of  all  possible  gradations  between 
the  extreme  processes  1  and  2.  If  it  be  admitted,  and  the 
evidence  we  have  is  certainly  in  favour  of  it,  that  in  some 
cases,  both  in  animal  and  vegetable  cells,  the  nucleus  itself 
divides  during  cell-division,  and  in  others  the  nucleus  com* 
pletely  vanishes  during  the  cell-division,  it  is  more  reasonable 
to  suspect  the  existence  of  some  connection  between  the  two 
processes,  than  to  suppose  that  they  are  entirely  different  in  kind. 
Such  a  connection  is  given  by  the  hypothesis  I  have  just  proposed. 

The  evidence  for  this  view,  derived  both  from  my  own 
observations  and  those  of  other  investigators,  may  be  put  as 
follows. 

The  absolute  division  of  the  nucleus  has  been  stated  to 
occur  in  animal  cells,  but  the  number  of  instances  where  the 
evidence  is  quite  conclusive  are  not  very  numerous.  Recently 
F.  E.  Schultze  ^  appears  to  have  observed  it  in  the  case  of  an 
Amoeba  in  an  altogether  satisfactory  manner.    The  instance  is 

^  Archivf.  Micr,  Anat,  zi.  p.  592. 
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quoted  by  Flemming'.  Scbultze  saw  the  nucleus  assume  a 
dumb'bell  shape,  divide,  and  the  two  halves  collect  themselves 
together.  The  whole  process  occupied  a  minute  and  a  half  and 
was  shortly  followed  by  the  division  of  the  Amooba,  which  occu- 
pied eight  minutes.  Amongst  vegetable  cells  the  division  of  the 
nucleus  seems  to  be  still  rarer  than  with  animal  cells.  Sachs* 
admits  the  division  of  the  nucleus  in  the  case  of  the  paren- 
chyma cells  of  certain  Dicotyledons  (Sambucus,  Helianthus^ 
Lysimachia,  Polygonum,  Silene)  on  the  authority  of  Hanstein. 

The  division  of  the  nucleus  during  cell-division,  though 
seemingly  not  very  common,  must  therefore  be  considered  as 
a  thoroughly  well  authenticated  occurrence. 

The  frequent  disappearance  of  the  nucleus  during  cell- 
division  is  now  so  thoroughly  recognised,  both  for  animal  and 
vegetable  cells,  as  to  require  no  further  mention. 

In  many  cases  the  partial  or  complete  disappearance  of  the 
nucleus  is  accompanied  by  the  formation  of  two  peculiar  star- 
like figures.  Appearances  of  the  kind  have  been  described  by 
Fol*,  Flemming*,  Auerbach'and  Strasburger*  and  possibly  also 
Oellacher^  as  well  as  other  observers. 

These  figures'  are  very  probably  due  to  the  streaming  out 
of  the  protoplasm  of  the  nucleus  into  that  of  the  cell^    The 

^  Entuncklungtgesehichte  der  Najaden^  lxzi.  6d.  der  Sitz,  der  h.  Akad.  Wien^ 
1S75. 

'  Text-Book  of  Bppany,  EnglisI^  trans,  p.  19. 

*  Entw.  d,  Geryonideheies.    Jenaische  Zeitickrift,  Bd.  yii. 

*  Loc,  ciL 

'  OrganologUehe  Studien^  Zweitea  Heft. 

*  Zellbildung  «.  Zelltfteilung. 

7  Beitrdgeg.EnttDiclclungigescl^ichpederKnoch^T^/lshen:  Zeit.  fur  WUi.  Zoo* 
logie.    Bd.  zxxi.  1872. 

>  The  memoirs  of  Anerbaoh  and  Strasbtirger  have  imfortuiately  oome  into 
my  hands  too  late  for  me  to  take  adyantage  of  them.  Especially  in  the  mag* 
nifioent  monograph  of  Strasbnrger  I  find  drawings  precisely  resembling  those 
from  my  spepimens  fdreftdy  i^  t)ie  han^s  of  th^  engrayer.  Strasbnrger  comes  to 
the  oonclnsion  from  his  inyestigations  that  the  modified  nndens  always  diyides 
and  neyer  yanishes  as  is  osaaUy  stated.  If  his  yiews  on  tiiis  point  are  oorreet 
part  of  the  hypothesis  I  haye  suggested  aboye  is  rendered  nnnecessaiy.  The 
striflB  of  the  protoplasm,  which  in  accordance  with  Anerbach^s  yiew  I  haye  oon> 
sidered  as  bemg  due  to  a  streaming  out  of  the  matter  of  the  nndeus,  he  regards 
as  resulting  from  a  polarity  of  the  particles  in  the  cell  and  the  attraction  of 
the  nucleus.  My  own  inyestigations'though,  as  far  as  they  go,  quite  in  accord- 
ance with  those  of  Strasburger,  do  not  supply  any  grounds  for  deciding  on  the 
meaning  of  tiiiese  strife;  and  in  some  respects  they  support  Strasburger's  yie^a 
against  those  of  other  obseryers,  since  they  demonstrate  that  in  Elasmobranoha 
|he  modified  nucleus  does  actually  divide. 

*  ^is  is  the  yiew  which  has  been  taken  by  Auerbach  {OrganologUehe 
Studicn). 
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appearance  of  striation  may  on  this  hjrpothesis  be  explained 
as  due  to  the  presence  of  granules  in  the  protoplasm.  When 
the  streaming  out  of  the  protoplasm  of  a  nucleus  into  that  of 
a  cell  takes  place,  any  large  granule  which  cannot  be  moved  by 
the  streatQ  will  leave  behind  it  a  slack  area  where  there  is  no 
movement  of  the  fluid.  Any  granules  which  are  carried  into 
this  area  will  remain  there,  and  by  the  continuation  of  a  pro- 
cess of  this  kind  a  row  of  granules  may  be  formed,  and  a  series 
of  such  rows  would  produce  an  appearance  of  striation.  In 
many  cases,  e.g.  Anodon,  vide  Flemming*,  even  the  larger  yolk- 
spherules  are  arranged  in  this  fashion. 

On  the  supposition  that  the  striation  of  these  figures  is 
due  to  the  outflow  from  the  nucleus,  the  appearances  presented 
in  Elasmobranchs  admit  of  the  following  explanation. 

The  central  body  consisting  of  two  cones  (Figs.  7a,  7c)  is  almost 
without  question  the  remnant  of  the  primitive  nucleus.  This 
is  shewn  by  its  occupying  the  same  position  as  the  primitive 
nucleus,  staining  in  the  same  way,  and  by  there  being  a  series 
of  insensible  gradations  between  it  and  a  typical  nucleus.  The 
contents  must  be  supposed  to  be  streaming  out  from  the  two 
apices  of  the  cones,  as  appears  from  the  striae  in  the  body  con- 
verging on  each  side  towards  the  apex,  and  then  diverging 
again  from  it.  In  my  specimens  the  yolk-spherules  are  not 
arranged  with  any  reference  to  the  radiating  striation. 

It  is  very  likely  that  in  the  cases  of  the  disappearance 
of  the  nucleus,  its  protoplasm  streams  out  in  two  directions, 
towards  the  two  parts  of  the  cell  which  will  eventually  become 
separated  from  each  other;  and  probably,  after  the  division,  the 
matter  of  the  old  nucleus  is  again  collected  to  form  two  fresh 
nuclei. 

In  some  cases  of  cell-division  a  remnant  of  the  old  nucleus  is 
stated  to  be  visible  after  the  fresh  nuclei  have  appeared.  These 
cases,  of  which  I  have  not  seen  full  accounts,  are  perhaps 
analogous  to  what  occasionally  happens  with  the  germinal 
vesicle  of  an  ovum.  The  whole  of  the  contents  of  the  germinal 
vesicle  become  at  its  disappearance  mingled  with  the  proto- 
plasm of  the  ovum,  but  the  resistent  membrane  remains  and 
is  eventually  ejected  from  the  egg,  vide  p.  381  et  seq.     If  the 

1  Loc.  cit, 
VOL.  X.  26 
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remnant  of  the  old  nucleus  in  the  cases  described  is  nothing 
more  than  its  membrane,  no  difficulty  is  offered  to  the  view 
that  the  constituents  of  the  old  nucleus  may  help  to  form  the 
new  ones. 

In  many  cases  the  total  bulk  of  the  new  nuclei  is  greater 
than  that  of  the  old  one;  in  such  instances  part  of  the  proto* 
plasm  of  the  cell  necessarily  has  a  share  in  forming  the  new 

nuclei. 

Although,  in  instances  where  the  nucleus  vanishes,  an  abso- 
lute demonstration  of  the  formation  of  the  fresh  nuclei  from  the 
matter  of  the  old  one  is  not  possible;  yet,  if  cases  of  the  division 
of  the  old  nucleus  to  form  the  new  ones  be  admitted  to  exist, 
the  derivation  in  the  first  process  of  the  fresh  nuclei  from  the 
old  ones  must  be  postulated  in  order  to  maintain  a  continuity 
between  the  two  processes  of  formation;  and,  as  I  have  at- 
tempted to  shew,  all  the  circumstantial  evidence  is  in  favour  of  it. 

Admitting  the  existence  of  the  two  extreme  processes  of  nu- 
clear formation,  I  wish  to  shew  that  my  results  in  Elsusmobranchs 
tend  to  demonstrate  the  existence  of  intermediate  steps  be- 
tween them.  The  first  figures  I  described  of  two  opposed  cones, 
appear  to  me  almost  certainly  to  represent  nuclei  in  the  act  of 
dissolution;  but  though  a  large  portion  of  the  nucleus  may 
stream  out  into  the  yolk,  I  question  whether  the  whole  of  it 
does\ 

I  described  these  bodies  in  two  states.  An  earlier  one,  in 
which  the  two  cones  were  separated  by  an  iiregular  row  of 
deeply  stained  granules ;  and  a  later  one  in  which  a  furrow  had 
already  appeared  dividing  the  cones  as  well  as  the  celL  In 
neither  of  these  conditions  could  I  see  any  signs  of  the  body 
vanishing  completely.  It  was  as  clearly  defined  and  as  deeply 
stained  as  an  ordinary  nucleus,  and  in  its  later  condition  the 
signs  of  the  streaming  out  of  material  from  its  pointed  extremi- 
l^ies  were  less  marked  than  in  the  earlier  stage. 

All  these  facts,  to  my  mind,  point  to  the  view  that 
these  cone-like  bodies  do  not  completely  disappear,  but  form 
the  basis  for  the  new  nuclei.     Possibly  the  body  visible   in 


1  After  Strasbarger'fl  obsenration  it  most  be  eonddered  yery  doubtful  whether 
the  streaming  out  of  the  contents  of  the  nucleus,  in  the  manner  impUed  in  the 
text,  reaUy  iakea  place. 


DEVELOPMENT   OF  ELASMOBRANCH  FISHES.  401 

each  cone  in  the  later  stage,  was  the  commencement  of  this 
new  nucleus.  Qotte^  has  figured  structures  somewhat  similar 
to  these  bodies^  but  I  hardly  understand  either  his  figure  or  his 
account  sufficiently  clearly  to  be  able  to  pronounce  upon  the 
identity  of  the  two.  In  case  they  are  identical,  Qotte  gives  a 
very  different  explanation  of  them  from  my  own". 

A  second  of  my  results^  which  points  to  a  series  of  inter-* 
mediate  steps  between  division  and  solution  of  the  nucleus,  ib 
the  distribution  in  time  of  the  peculiar  cone-like  bodies.  These 
are  present  in  fair  abundance  at  an  early  period  of  segmen* 
tation,  when  there  are  but  few  nuclei  either  in  the  blastoderm 
or  the  yolk.  But  at  later  periods,  when  there  are  both  more 
nuclei,  especially  in  the  yolk,  and  they  are  also  increasing  in 
numbers  more  rapidly  than  before,  no  bodies  of  this  kind  are 
to  be  seen.  This  fact  becomes  the  more  striking  from  the 
lobate  appearance  of  the  later  nuclei  of  the  yolk,  an  appearance 
which  exactly  suits  the  hypothesis  of  the  rapid  budding  off  of 
fresh  nuclei. 

The  observations  of  R.  Hertwig*  on  the  gemmation  of  Podo- 
phrj/a  Gemmipara,  support  my  interpretation  of  the  knobbed 
condition  of  the  nuclei.     Hertwig  fibds  (p.  47)  that 

The  horse^shoe  shaped  nucleus  grows  oat  into  numerous 
anastomosing  projections.  Over  the  free  ends  of  the  projections  little 
knobs  appear  on  the  surfiEtce  of  the  body,  into  which  the  lengthening 
ends  of  the  processes  of  the  nucleus  grow  up.  Here  they  bend 
themselves  into  a  horse-shoe  form.  The  newly-formed  nucleus  then 
separates  from  the  original  nucleus,  and  afterwards  the  bad  contain** 
ing  it  from  the  body. 

From  the  peculiar  arrangement  of  the  net-work  of  lines  of 
the  yolk  around  these  knobbed  nuclei,  it  is  reasonable  to  con- 
clude that  interchange  of  material  between  the  protoplasm  of 
the  yolk  and  the  nuclei  is  still  taking  place,  even  during  the 
later  periods. 

These*  facts  about  the  distribution  in  time  of  the  cone-like 

^  Entxcicklungsgeichichte  der  Unke,  PL  i.  fig.  IS. 

*  As  I  before  meDtioned,  Strasburger  (Zellbildung  u.  ZeUtheilung)  has  reprc* 
sented  bodies  preeisely  similar  to  those  I  have  described,  which  appear  daring 
the  segmentation  in  the  egg  of  Phalluaia  Mammillata  as  well  as  similar  figures 
obserYed  by  Bntschli  in  eggs  of  Cucullanu$  elegam  and  Blatta  Germanica,  The 
figures  in  this  monograph  are  the  only  ones  X  have  seen,  which  are  identical 
with  my  own. 

>  Morphologischee  Jakrbuehf  Bd  i.  pp.  46,  47. 

26—2 
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bodies  afford  a  strong  presumptive  evidence  of  a  eliange  in  the 
manner  of  nuclear  increase* 

The  last  argument  I  propose  urging  on  this  head  is  derived 
from  the  bodies  (PL  xvi.  fig.  8  a,  b,  c)  which  I  have  described  as 
intermediate  between  the  true  cone-like  bodies  and  typical 
nucleL  Thejr  appear  to  afford  evidence  of  less  and  less  of  the 
matter  of  the  nucleus  streaming  out  into  the  yolk  and  of  a 
large  proportion  of  it  becoming  divided. 

The  conclusion  to  be  derived  from  all  these  facts  is  that 
for  Elasmobranchs  in  the  earlier  stages  of  segmentation,  and 
during  the  formation  of  fresh  segments,  a  partial  solution  of 
the  old  nucleus  takes  place,  but  all  its  constituents  serve  for 
the  reconstruction  of  the  fresh  nuclei. 

In  later  periods  of  development  a  still  smaller  part  of  the 
nucleus  becomes  dissolved,  and  the  rest  divides;  but  the  two 
fresh  nuclei  are  still  derived  from  the  two  sources.  After  the 
close  of  segmentation  the  fresh  nuclei  are  formed  by  a  simple 
division  of  the  older  ones. 

The  appearance  of  the  cone-like  bodies  in  the  yolk  outside 
the  germinal  disc  is  a  point  of  some  interest.  It  demonstrates 
in  a  conclusive  manner  that  whatever  influence  (if  any)  the 
nucleus  may  have  in  ordinary  cases  of  cell  division,  yet  it  may 
undergo  changes  of  a  precisely  similar  character  to  those  which 
it  experiences  during  cell  division,  without  exerting  any  influence 
on  the  surrounding  protoplasm.  If  the  lobate  nuclei  are  also 
nuclei  undergoing  division,  we  have  in  the  egg  of  an  Elasmo* 
branch  examples  of  all  the  known  forms  of  nuclear  increase 
unaccompanied  by  cell  division  \ 

The  next  stage  in  the  segmentation  does  not  present  so 
many  features  of  interest  as  the  last  one.  The  segments  are 
now  so  small,  as  to  be  barely  visible  from  the  surface  with  a 
simple  lens.  A  section  of  an  embryo  of  this  stage  is  repre« 
sented  in  PL  xvi.  fig.  8.    The  section,  which  is  drawn  on  the 


-  ^  Strasbtirger'B  (loe.  cit)  argnmentB  about  the  inflnenee  of  the  nnoleos  in 
oeU  division  are  not  to  my  mind  oonolasive;  though  not  without  importance. 
It  is  difficult  to  reconcile  his  views  with  the  facts  of  cell  division  observable 
during  the  Elasmobranch  segmentation;  but  even  if  their  truth  be  admitted  they 
do  not  bxin J  us  much  nearer  to  a  satisfactory  understanding  of  cell  division,  un« 
less  accompanied  (and  at  present  they  are  not  so)  by  a  rational  explanation  of 
the  forces  which  produce  the  division  of  the  nucleus. 
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same  scale  as  the  section  belonging  to  the  last  stage,  serves 
to  show  the  relative  size  of  the  segments  in  the  two  cases. 

The  epiblast  is  now  more  distinct  than  it  was.  The  seg- 
ments composing  it  are  markedly  smaller  than  the  remainder 
of  the  cells  of  the  germinal  disc,  but  possess  nuclei  of  an  abso- 
lutely larger  size  than  do  the  other  cells.  They  are  irregular 
in  shape,  with  a  slight  tendency  to  be  columnar.  An  average 
segment  of  this  layer  measures  about  7^^  inch. 

The  cells  of  the  lower  layer  are  more  polygonal  than 
those  of  the  epiblast,  and  are  decidedly  larger.  An  average 
specimen  of  the  larger  cells  of  the  lower  layer  measures  about 
■^  in.  in  diameter,  and  is  therefore  considerably  smaller  than 
one  of  the  smallest  cells  of  the  last  stage.  The  formation  of 
fresh  segments  from  the  yolk  still  continues  with  fair  rapidity, 
but  nearly  comes  to  an  end  shortly  after  thia 

Of  the  nuclei  of  the  lower  layer  cells,  there  is  not  much 
to  add  to  what  has  already  been  said.  Not  infrequently  two 
nuclei  may  be  observed  in  a  single  cell 

The  nuclei  in  the  yolk  which  surrounds  the  germinal  disc 
are  more  numerous  than  in  the  earlier  periods,  and  are  now 
to  be  met  with  in  fair  numbers  in  every  section  (Fig.  8  n ). 

These  are  the  main  features  which  characterise  the  present 
stage,  they  are  in  all  essential  points  similar  to  those  of  the 
last  stage,  and  the  two  germinal  discs  hardly  differ  except  in 
the  size  of  the  segments  of  which  they  are  composed. 

In  the  last  stage  which  I  consider  as  belonging  to  the 
segmentation,  the  cells  of  the  whole  blastoderm  have  become 
far  smaller  (PL  xvi.  fig.  9). 

The  epiblast  (ep)  now  consists  of  a  very  marked  layer  of 
columnar  ce]]&  It  is,  as  far  as  I  have  been  able  to  observe, 
never  more  than  one  cell  deep.  The  cells  of  the  lower  layer 
are  of  an  approximately  uniform  size,  though  a  few  of  those  at 
the  circumference  of  the  blastoderm  considerably  exceed  the 
remainder  in  the  bulk. 

There  are  two  fresh  features  of  importance  in  germinal 
discs  of  this  age. 

Instead  of  being  but  indistinctly  separated  from  the  sur- 
rounding yolk,  the  blastoderm  has  now  very  clearly  defined 
limits. 
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This  is  an  especially  marked  feature  of  preparations  made 
with  osmic  acid.  In  these  there  may  frequently  be  seen  a 
-deeply  stained  doubly  coloured  line,  which  forms  the  limit  of 
the  yolk,  where  it  surrounds  the  germinal  disc.  Lines  of  this 
kind  are  often  to  be  seen  on  the  surface  of  the  yolk,  or  even 
of  the  blastoderm,  but  are  probably  to  be  regarded  as  products 
of  reagents,  rather  than  as  organised  structures.  The  outline 
of  the  germinal  disc  is  well  rounded,  though  it  is  occasionally 
broken,  from  the  presence  of  a  larger  cell  in  the  act  of  being 
formed  from  the  yolk. 

It  is  not  probable  that  any  great  importance  is  to  be  at- 
tached to  the  comparative  distinctness  of  the  outline  of  the 
germinal  disc  at  this  stage,  which  is  in  a  great  measure  due 
,to  a  cessation  in  the  formation  of  fresh  cells  in  the  surround- 
ing yolk,  and  in  part  to  the  small  and  comparatively  uniform 
size  of  the  cells  of  the  germinal  disc. 

The  formation  of  fresh  cells  from  the  yolk  nearly  comes  to 
an  end  during  this  period,  but  it  still  continues  on  a  small  scale. 

The  number  of  the  nuclei  around  the  germinal  disc  has 
increased. 

Another  feature  of  interest  which  first  becomes  apparent 
during  this  stage  is  the  asymmetry  of  the  germinal  disc.  If  a 
section  were  made  through  the  germinal  disc,  as  it  lay  in  aitu  in 
the  egg  capsule,  parallel  or  nearly  so  to  the  long  axis  of  the 
capsule,  one  end  of  the  section  would  be  found  to  be  much 
thicker  than  the  other.  There  would  in  fact  be  a  far  larger 
collection  of  cells  at  one  extremity  of  the  germinal  disc  than  at 
the  other.  The  end  at  which  this  collection  of  cells  is  formed 
points  towards  the  end  of  the  egg  capsule  opposite  to  that  near 
which  the  yolk  is  situated.  This  collection  of  cells  is  the  first 
trace  of  the  embryo;  and  with  its  appearance  the  segmentation 
may  be  supposed  to  terminate. 

The  section  I  have  represented,  though  not  quite  parallel  to 
the  long  axis  of  the  egg,  is  suflSciently  nearly  so  to  shew  the 
greater  mass  of  cells  at  the  embryonic  end  of  the  germinal  disc. 

This  very  early  appearance  of  a  distinction  in  the  germinal 
disc  between  the  extremity  at  which  the  embryo  appears  and 
the  non-embryonic  part  of  the  disc,  besides  its  inherejit  interest, 
has  a  further  importance  from  the  fact  that  in  Osseous  Fishes 
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a  similar  occurrence  takes  place.  Oellacher^  and  Qotte'  both 
agree  as  to  the  very  early  period  at  which  a  thickening  of  one 
extremity  of  the  blastoderm  in  Osseous  Fishes  is  formed,  which 
serves  to  indicate  the  position  at  which  the  embryo  will  appear. 
There  are  many  details  of  development  in  which  Osseous  Fish 
and  Elasmobranchs  agree,  which,  although  if  taken  individually 
are  without  any  great  importance,  yet  serve  to  show  how  long 
even  insignificant  features  in  development  may  be  retained. 

The  segmentation  of  the  Elasmobranch  egg  presents  in  most 
of  its  features  great  regularity,  and  exhibits  in  its  mode  of 
occurrence  the  closest  resemblance  to  that  in  other  meroblastic 
vertebrate  ova. 

There  is,  nevertheless,  one  point  with  reference  to  which  a 
islight  irregularity  may  be  observed.  In  almost  all  eggs  seg- 
mentation commences  by,  what  for  convenience  may  be  called, 
a  vertical  furrow  which  is  followed  by  a  second  vertical  furrow 
at  right  angles  to  the  first.  The  third  furrow  however  is  a 
horizontal  one,  and  cuts  the  other  two  at  right  angles.  This 
method  of  segmentation  must  be  looked  on  as  the  normal 
one,  in  almost  all  the  important  groups  of  the  animal  king- 
dom, both  for  the  so-called  holoblastic  and  meroblastic  eggs, 
and  the  gradations  intermediate  between  the  two.  The  Frog 
amongst  vertebrates  exhibits  a  most  typical  instance  of  this 
form  of  segmentation. 

In  Elasmobranchs  the  first  two  furrows  are  formed  in  a  per- 
fectly normal  manner,  but  though  I  have  not  observed  the 
actual  formation  of  the  next  furrow,  yet  from  the  later  stages, 
which  I  have  observed,  I  conclude  that  it  is  parallel  to  one  of 
the  first  formed  furrows ;  and  it  is  fairly  certain  that,  not  till  a 
considerably  later  period,  is  a  furrow  homologous  with  the  hori- 
zontal furrow  of  the  Batrachian  egg  formed.  This  furroW 
appears  to  be  represented  in  the  Elasmobranch  segmentation 
by  the  irregular  circumscription  of  a  body  of  central  smaller 
spheres  from  a  ring  of  peripheral  larger  ones  (vide  PL  xv. 
figs.  3,  4  and  5). 

In  the  Bird  the  representative  of  the  horizontal  furrow 

»  ZeiUehriftfUr  Win,  Zool^ie,  Bd  xxin.  1878. 
•  Arehiv.fUr  Mier.  Anat.  Bd  ix.  1878. 
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appears  relatively  much  earlier.  It  is  formed  when  there  are 
eight  segments  marked  out  on  the  surface  of  the  germinal 
disc\  From  Oeliacher's'  account  of  the  segmentation  in  the 
fowl'  it  seems  certain,  as  might  be  anticipated,  that  this  furrow 
is  nearly  parallel  to  the  surface  of  the  disc,  so  that  it  cuts  the 
earlier  formed  vertical  furrows  and  causes  the  segments  of  the 
germinal  disc  to  he  completely  circumscribed  below  as  well  as 
at  the  surface.  In  the  Elsuimobranch  egg  this  is  not  the  case; 
so  that,  even  after  the  smaller  central  segments  have  become 
separated  from  the  outer  ring  of  larger  ones,  none  of  the  seg- 
ments of  the  disc  are  completely  circumscribed,  and  only  appear 
to  be  so  in  surface  views  (vide  PI.  xv.  fig.  6).  Segmentation  in 
the  Elasmobranch  egg  differs  in  the  following  particulars  from 
that  in  the  Bird's  egg : 

(1)  The  equivalent  of  the  horizontal  furrow  of  the  Batra- 
chian  egg  appears  much  later  than  in  the  Bird. 

(2)  When  it  has  appeared  it  travels  inwards  much  more 
slowly. 

As  a  result  of  these  differences,  the  segments  of  the 
germinal  disc  of  the  Birds'  eggs  are  much  earlier  circumscribed 
on  all  sides  than  those  of  the  Elasmobranch  egg. 

As  might  be  expected,  the  segmentation  of  the  Elasmobranch 
egg  resembles  in  many  points  that  of  Osseous  Fishes,  (vide 
Oellacher  *  and  Klein*).  It  may  be  noticed,  that  with  Osseous 
as  with  Elasmobranch  Fishes,  the  furrow  corresponding  with  the 
horizontal  furrow  of  the  Amphibian's  egg  does  not  appear  at 
as  early  a  period  as  is  normal.  The  third  furrow  of  an  Osseous 
Fish  egg  is  parallel  to  one  of  the  first  formed  pair. 

In  Oellacher's*  figures.  PI.  xxili.  fig.  19 — 21,  peculiar 
beadings  of  the  sides  of  the  earlier  formed  furrows  are  dis* 
tinctly  shown.  No  mention  of  these  is  made  in  the  text,  but 
they  are  unquestionably  similar  to  those  I  have  described  in 
the  Elasmobranch  furrows.     In  the  case  of  Elasmobranchs  I 

*  Vide  Elements  of  Embryology,  p.  23. 

«  Stncker't  Studien,  1869,  Pt.  i,  PI.  ii.  fig.  4. 

'  Unfortunately  Professor  Oellaoher  gives  no  account  of  the  surface  appear- 
ances of  the  germinal  discs  of  which  he  describes  the  sections.  It  is  therefore 
uncertain  to  what  period  his  sections  belong. 

*  ZHUchriftfUr  Wits.  Zool.  Bd.  xxu.  1872. 

»  Monthly  Microscopical  Journal^  March,  1872. 

*  Loc,  cit.     ' 
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pointed  out-  that  not  only  were  the  sides  of  the  furrow  beaded, 
but  that  there  appeared  in  the  protoplasm,  close  to  the  furrows, 
peculiar  vacuole-like  cavities,  precisely  similar  to  the  cavities 
which  were  the  cause  of  the  headings  of  the  furrows. 

The  presence  of  these  seems  to  show  that  the  molecular 
cohesion  of  the  protoplasm  becomes,  as  compared  with  other 
parts,  much  diminished  in  the  region  where  a  furrow  is  about 
to  appear,  so  that  before  the  protoplasm  finally  gives  way  along 
a  particular  line  to  form  a  furrow,  its  cohesion  is  broken  at 
numerous  points  in  this  region,  and  thus  a  series  of  vacuole- 
like  spaces  is  formed. 

If  this  is  the  true  explanation  of  the  formation  of  these 
spaces,  their  presence  gives  considerable  support  to  the  views 
of  Dr  Kleineuberg  upon  the  causes  of  segmentation,  so  clearly 
and  precisely  stated  in  his  monograph  upon  Hydra. 

I  have  not  observed  the  peculiar  threads  of  protoplasm 
which  Oellacher^  describes  as  crossing  the  commencing  seg« 
mentation  furrows.  I  have  also  failed  to  discover  any  signs  of 
a  concentration  of  the  yolk-spherules,  round  one  or  two  cen* 
tres,  in  the  segmentation  sphei*es,  similar  to  that  observed  by 
Oellacher  in  the  segmenting  eggs  of  Osseous  Fish.  The  ap« 
pearances  observed  by  him  are  probably  connected  with  the 
behaviour  of  the  nucleus  during  segmentation,  and  are  related 
to  the  curious  bodies  I  have  already  described. 

With  reference  to  the  nuclei  which  Oellacher'  has  described 
as  occurring  in  the  eggs  of  Osseous  Fish  during  segmentation, 
there  can,  I  think,  be  little  doubt  that  they  are  identical  with 
the  peculiar  nuclei  in  the  Elasmobranch  eggs. 

He'  says: 

In   an   unsegmented    germ  there    occurred  at   a  certain  point 

in  the  section a  small  aggregation  of  roimd  bodies.     I  do  not 

feel  satisfied  whether  these  aggregations  represent  one  or  more 
nuclei 

Fig.  29  shews  such  aggregation;  by  focusiog  at  its  optical  sec- 
tion eleven  unequally  large  roande<1  bodies  measuring  from  0.004 
— 0.009  ifm.  may  be  distiogui^hed.  They  lay  as  if  in  a  multi-locular 
gap  in  the  germ  mass,  which  however  they  did  not  quite  fill.  In 
each  of  these  bodies  there  appeared  another  but  far  smaller  body. 

*  Loe.  eit, 
■  Loe.  cit. 
>  Loe,  cit.  p.  410,  411,  Ac 
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These  aggregations  were  dlstinguiBhed  from  the  germ  by  an  especiall  j 
beautiful  intense  violet  gold  chloride  colouration  of  their  elements. 
The  smaller  elements  contained  in  the  larger  were  still  more 
intensely  coloured  than  the  larger. 

He  further  states  that  these  aggregations  equal  the 
Begments  in  number,  and  that  the  small  bodies  within  the 
elements  are  not  always  to  be  seen  with  the  same  distinct- 
ness. 

Oellacher's  description  as  well  as  his  figures  of  these  bodies 
leaves  no  doubt  in  my  mind  that  they  are  exactly  similar  bodies 
to  those  which  I  have  already  spoken  of  as  nuclei,  and  the 
characteristic  features  of  which  I  have  shortly  mentioned,  and 
shall  describe  more  fnlly  at  a  later  stage.  A  moderately  full 
description  of  them  is  to  be  found  in  my  preliminary  paper  ^« 

Their  division  into  a  series  of  separate  areas  each  with  a 
deeply-stained  body,  as  well  as  the  staining  of  the  whole  of  them, 
exactly  corresponds  to  what  I  have  found.  That  each  is  a  single 
nucleus  is  quite  certain,  though  their  knobbed  form  might 
occasionally  lead  to  the  view  of  their  being  divided.  This 
knobbed  condition,  observed  by  Oellacher  as  well  as  myself, 
certainly  supports  the  view,  that  they  are  in  the  act  of  budding 
off  fresh  nuclei.  Oellacher  conceives,  that  the  areas  into  which 
these  nuclei  are  divided  represent  a  series  of  separate  bodies — ^ 
this  according  to  my  observations  is  not  the  case.  Nuclei  of  the 
same  form  have  already  been  described  in  Nephelis,  and  are 
probably  not  very  raxe.  They  pass  by  insensible  gradations  into 
ordinary  nuclei  with  numerous  granules. 

One  marked  feature  of  the  segmentation  of  the  Elasmobranch 
egg  is  the  continuous  advance  of  the  process  of  segmentation 
into  the  yolk  and  the  assimilation  of  this  into  the  germ  by 
the  direct  formation  of  fresh  segments  out  of  it.  Into  the 
significance  of  this  feature  I  intend  to  enter  fully  hereafter;  but 
it  is  interesting  to  notice  that  Oellacher's  descriptions  point  to 
a  similar  feature  in  the  segmentation  of  Osseous  Fisli,  This 
however  consists  chiefly  in  the  formation  of  fresh  segments 
from  the  lower  parts  of  the  germinal  disc  which  in  Osseous  Fish 
is  more  distinctly  marked  off  from  the  food-yolk  than  in 
Elasmobranchs. 

'  Loe,  HL  p.  415. 
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I  conclude  my  description  of  the  segmentation  by  a  short 
account  of  what  other  investigators  have  written  about  its 
features  in  these  fishes.  So  far  as  I  know,  the  earliest  descrip- 
tion of  this  process  was  given  by  Leydig\  To  his  description  of 
the  germinal  disc,  I  have  already  done  full  justice. 

In  the  first  stage  of  segmentation  which  he  observed  20 — 30 
segments  were  already  visible  on  the  surface.  In  each  of  these 
he  recognised  a  nucleus  but  no  nucleolus. 

He  rightly  states  that  the  segments  have  no  membrane,  and 
describes  the  yolk-spherules  which  fill  them. 

The  next  investigator  is  G^rbe".  I  have  unfortunately  been 
unable  to  refer  to  this  elaborate  paper,  but  I  gather  from  an 
abstract  that  M.  Qerbe  has  given  a  careful  description  of  the 
external  features  of  segmentation. 

Schenk'  has  also  made  important  investigations  on  the  sub- 
ject. He  considers  that  the  ovum  is  invested  with  a  very 
delicate  membrane.  This  membrane  I  have  failed  to  find  a 
trace  of,  and  agree  with  Leydig*  in  denying  its  existence. 
Schenk  further  found  that  after  impregnation,  but  before  seg- 
mentation, the  germinal  disc  divided  itself  into  two  layers, 
an  upper  and  a  lower.  Between  the  two  a  cavity  made  its 
appearance  which  Schenk  looks  upon  as  the  segmentation 
cavity.  Segmentation  commences  in  the  upper  of  the  two 
layers,  but  Schenk  does  not  give  a  precise  account  of  the 
fate  of  the  lower.  I  have  had  no  opportunity  of  investigating 
the  impregnated  ovum  before  the  commencement  of  segmen- 
tation, but  my  observations  upon  the  early  stages  of  this 
process  render  it  clear  that  no  division  of  the  germinal  disc 
exists  subsequently  to  the  commencement  of  segmentation,  and 
that  the  cavity  discovered  by  Schenk  can  have  no  connection 
whatever  with  the  segmentation  cavity.  I  am  indeed  inclined 
to  look  upon  this  cavity  as  an  artificial  product  I  have  myself 
met  with  somewhat  similar  appearances,  after  the  completion 

^  Roehen  u.  Haie, 

*  Becherches  tur  la  segmentation  de»  produeU  adventifs  de  Vauf  des  Plagxoa^ 
tomes  et  particuliement  des  Raies,  Bobin,  Journal  de  VAnatomie  et  de  la 
Physiologie,  p.  609,  1872. 

*  Die  Ever  von  Raja  qnadrimaciUata  innerhalb  der  Eileiter,  SitM.  der  h, 
Akad.  Wien,  Vol.  lxxiii.  1878. 

^  Loe.  eit.  My  denial  of  the  ezistenoe  of  this  membrane  naturally  applies 
only  to  the  egg  after  impregnation,  and  to  the  genera  Scylliom  and  Pristiuraa. 
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of  segmentation,  which  were  caused  by  the  non-penetration  of 
my  hardening  reagent  beyond  a  certain  point. 

Without  attempting  absolutely  to  explain  the  appearances 
described  by  Professor  Schenk,  I  think  that  his  observations 
ought  to  be  repeated,  either  by  himself  or  some  other  compe- 
tent observer. 

Several  further  facts  are  recorded  by  Professor  Schenk  in 
his  interesting  paper.  He  states  that  immediately  after  im- 
pregnation, the  germinal  disc  presents  towards  the  yolk  a 
strongly  convex  surface,  and  that  at  a  later  period,  but  still 
before  the  commencement  of  segmentation,  this  becomes  flattened 
out.  He  has  further  detected  amoeboid  movements  in  the  disc 
at  the  same  period.  As  to  the  changes  of  the  germinal  disc  during 
segmentation,  his  paper  contains  no  facts  of  importance* 

Next  in  point  of  time  to  the  paper  of  Schenk,  is  my  own 
preliminary  account  of  the  development  of  the  Elasmobranch 
Fishes  \  In  this  a  large  number  of  the  facts  here  described  in 
full  are  briefly  alluded  to. 

The  last  author  who  has  investigated  the  segmentation  in 
Elasmobranchs,  is  Dr  Alexander  Schultz".  He  merely  states 
that  he  has  observed  the  segmentation,  and  confirms  Professor 
Schenk's  statements  about  the  amoeboid  movements  of  the 
germinal  disc. 

^  Loc,  eit, 

*  Die  Embryonal  AtUage  der  Selaehier,  Vorlaufige  Mittheilung,  Centralblattf, 
Med.  WUt.  No.  3d,  1875. 
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EXPLANATION  OP  PLATES  XV.  AND  XVL 

lUustratiiig  Mr  Balfour's  Paper  on  the  Dereiopmeiit  of  EUunoobranch 

Fiflhee. 

Plact  XV. 

Fig,  1.  Section  throngh  the  germinal  disc  of  a  ripe  ovarian  ovnm  of 
the  Skate.        gn,  germinal  veBicIe. 

Fig,  2.    Surface-view  of  a  germinal  disc  vdth  two  farrows. 

Figi,  3, 4,  5.  Snrface-views  of  three  germinal  discs  in  different  stages 
of  segmentation. 

Fig,  6.  Section  throngh  the  germinal  disc  represented  in  Fig,  3. 
ft.  nnclens ;  x,  edge  of  germinafdisa  The  engraver  has  in  this  figure 
not  accurately  copied  my  original  drawings  in  reelect  to  the  structore  of 
the  segmentation-furrows. 

Figt,  6  a,  and  6  h.  Two  farrows  of  the  same  germinal  disc  more  highly 
magnified. 

Fig.  6  c    A  nudens  from  the  same  germinal  disc  highly  magnified. 


Platb  XVL 

Fig*  7.  Section  through  a  germinal  disc  of  the  same  ago  as  that 
represented  in  Fig,  4.  n.  nucleus;  nx,  modified  nucleus;  nx\  modi- 
fied nucleus  of  the  yolk;  /.  furrow  api>earing  in  the  yolk  around  the 
germinal  disc. 

Figs.  lOy  lb,  Ic  Three  segments  with  modified  nuclei  from  the  same 
germinal  disc. 

Fig.  8.  Section  through  a  somewhat  older  germinal  disc  ep.  epibhist ; 
n'.  nucleus  of  the  yolk. 

Fig$,  8a>  %h,  80.  Modified  nuclei  from  the  yolk  fr*om  the  same  ger- 
minal disc. 

Fig.  8  d.  Segment  in  the  act  of  division  from  the  same  germinal 
disc.  ^ 

Fig,  9.  Section  through  a  germinal  disc  in  which  the  segmentation  is 
completed.  It  shews  the  larger  collection  of  cells  at  the  embryonic  end  of 
the  germinal  disc  than  at  the  non-embryonia    ep.  epiUast. 


ON  THE  NATURE  OF   THE   CRANIOFACIAL  APPA- 
RATUS OF  PETROMTZON,  by  T.  H.  Huxley,  Sec,  R8. 

In  the  first  part  of  the  *Vergleichende  Anatomie  der  Myxinoi- 
den/  published  in  1835,  Johannes  Miiller  gave  an  exact  and 
exhaustive  account  of  the  form  and  arrangement  of  the  various 
parts  which  make  up  the  cartilaginous  skeleton  of  the  skull  and 
face  in  the  Lampreys.  He  distinguishes  a  'Him-capser  or  brain 
Qose;  two  'Qehor-capseln'  or  auditory  capsules;  a  'Nasen-capser 
or  olfactory  capside;  and  'Gesichts-knochen*  or  facial  carti^ 
lages.  The  latter  are,  in  front,  a  'Ringformige  knorpel-stuck*  or 
annular  cartilage;  two  'Griffel-formige  Knochen'  or  styliform 
cartilages,  connected  by  their  anterior  ends  to  the  annular  car- 
tilage and  by  their  posterior  ends  giving  attachment  to  lateral 
muscles;  a  'vordere  grosse  Mundschild'  or  anterior  dorsal  car- 
tilage; a 'hintere  Mundschild'  or  posterior  dorsal  cartilage ;  two 
voi-dere  Seiten  platten'  or  arUero-laterai  cartilages;  and  two 
*zweite  Seiten  platt-en'  or  postero-lateral  cartilages. 

The  Brain  ca^e  consists  of  a  basilar  plate,  the  centre  of 
which  is  traversed  by  the  anterior  end  of  the  notochord.  This 
is  continued  superiorly  into  the  narrow  occipital  arch,  which 
forms  the  only  cartilaginous  part  of  the  roof  of  the  skull ;  while 
laterally  it  passes  into  two  cartilaginous  bars,  which  bound  the 
lower  lateral  regions  of  the  skulL  The  brain  rests  upon  a 
fibrous  membrane  stretched  between  these,  which  may  be 
termed  the  sub-cerebral  membrane.  The  inner  and  ventral  edge 
of  each  of  these  lateral  bars  of  the  skull  is  continued  into  a 
solid  cartilaginous  floor,  which  lies  between  the  naso-palatine 
canal  and  the  mucous  membrane  of  the  mouth.  Miiller  terms 
this  the  liard  palate.  It  terminates  behind  by  an  excavated 
edge  between  the  auditory  capsules;  while,  in  front,  it  is  closely 
united  with  the  hinder  edge  of  the  posterior  dorsal  cartilage. 
The  olfactory  capsule  rests  on  this  cartilage,  and  is  united  with 
the  lateral  bars  of  the  skull,  and  the  naso-palatine  canal  ex- 
tends backwards,  between  the  sub-cerebral  membrane  and  the 
hard  palate,  to  terminate  in  a  cascal  dilatation  behind  the  pos- 
terior edge  of  the  latter. 
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The  anterior  end  of  the  hard  palate  is  prolonged  outwards 
and  downwards  on  each  side  into  an  anterior  lateral  process 
(Vorder-seiten  Fortsatz) ;  this  meets  at  an  acute  angle  with  a 
posterior  lateral  process  (Hinter-seiten  Fortsatz),  which  at  its 
dorsal  end  is  closely  connected  with  the  auditory  capsule. 
Diverging  from  the  dorsal  or  attached  extremity  of  this,  at  an 
acute  angle,  is  the  downwardly  directed  stylijbrm  process  (stiel-i 
fdrmige  Fortsatz,  t).  With  the  ventral  extremity  of  this,  the 
elongated  horizontally  directed  corrmal  cartilage  f'Knorpel- 
platte,  am  Fortsatz  i  befestigt ;  dient  zur  Befestigung  der  Zun« 
genmuskeln")  is  connected. 

In  the  middle  ventral  line  is  the  long  lingual  cartilage 
("knorpeliger  Stiel  der  Zunge"),  which  is  pointed  behind,  but 
bifurcates  in  front,  the  two  short  branches  supporting  the  lobes 
of  the  tongue. 

On  the  ventral  side  of  this  is  another,  elongated,  but  much 
shorter  cartilage,  the  median  ventral  cartilage  ("Zungenbein"), 
the  anterior  end  of  which  is  transversely  enlarged,  and  lies 
immediately  on  the  ventral  side  and  in  front  of  the  anterior 
end  of  the  lingual  cartilage.  The  extremities  of  the  anterior 
end  of  this  cartilage  are  connected  with  the  antero-lateral 
cartilages,  which  again  are  united  by  ligamentous  fibres  with 
the  inner  surface  of  the  anterior  dorsal  cartilage  close  to  its 
anterior  edges. 

MtiUer  considers  that  the  annular  cartilages  answer  to  the 
labial  cartilages  of  the  Elasmobranchs;  that  the  styUform  process 
and  the  comual  cartilages,  with  the  median  ventral  cartilage,  cor^ 
respond  with  parts  of  the  hyoidean  arch  in  other  Vertebrata;  that 
the  lateral  bars  of  the  skull  are  the  homologues  of  the  palatine 
bones  of  the  latter ;  and  that  the  inverted  subocular  arch  formed 
by  the  anterior  and  posterior  lateral  processes  corresponds  with 
the  "temporale,  tympanicum,  -  jugale,  transversum,  pterygoi- 
deum  (1)  of  Cuvier"  in  Osseous  Fishes  (1.  c.  p.  163).  He  is  further 
of  opinion  that  the  posterior  dorsal  cartilage  has  nothing  to  do 
with  the  skull,  and  that,  together  with  the  anterior  dorsal  carti- 
lage and  the  lateral  cartilages,  it  forms  a  series  of  structures 
special  to  the  Lampreys  and  not  represented  in  other  Vertebrates 
(1.  c.  p.  164). 

Agassiz,  in  the  "Recherches  sur  les  Poissons  fossiles"  (Tome  1, 
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1835 — 43),  availing  himself  of  Miiller's  description  and  figures, 
and  of  the  embryological  investigations  of  Yogt,  makes  a  most 
important  rectification  in  the  nomenclature  of  the  parts. 

In  describing  the  skull  of  Ammoccetes  branchialis  (p.  113)  he 
justly  states  that  it  corresponds  with  that  of  the  embryo  at  the 
moment  of  the  first  appearance  of  cartilage.  ''The  point  of  the 
notochord  advances  freely  into  the  space  comprised  between 
the  'anseslat^rales'  absolutely  as  in  the  embryo  of  Salmonidse." 

In  Petromyzon  he  recognizes  the  ''anses  lat^rales"  in  the 
lateral  cranial  bars  described  by  Miiller  and  regarded  by  him 
as  palatines.  The  subocular  arch  is  the  "arc  pterygoidien^** 
which,  in  the  Cyclostomes,  as  in  embryos,  is  not  yet  separated 
from  the  cranium  by  articular  faces  \  The  styliform  cartilage 
is  considered  to  be  the  hyoid,  while  the  other  cartilages  are 
reckoned  as  labial. 

In  1844 — 6,  Professor  Owen*  gave  the  following  account  of 
the  structure  of  the  lamprey's  skull. 

*'  In  the  lamprey  (Petromyzon,  fig.  26)  the  occipital  cartilage  is 
continued  backwards  in  the  form  of  two  slender  processes  (c)  upon 
the  under  part  of  the  chorda  dorsalis  (ch)  into  the  cervical  region. 
The  hypophysial  space  (hy)  in  front  of  the  occipital  cartilage  remains 
permanently  open,  but  haa  been  converted  into  the  posterior  aperture 
of  the  naso-palatine  canal.  The  sphenoidal  arches  (5)  are  very  short 
and  approximated  towards  the  middle  line  and  the  presphenoid  and 
vomerine  cartilage  (13)  is  brought  back  closer  to  the  sphenoidal 
ai-ches.  Two  cartilaginous  arches  (24)  circumscribe  elliptical  spaces 
outside  the  presphenoid  plate:  these  appear  to  represent  the  pterygoid 
arches,  but,  as  in  the  embryo  of  higher  fishes,  are  not  separated  from 
the  base  of  the  skull  by  distinct  joints.  The  basal  cartilages  after 
forming  the  ear  capsules  (16)  extend  upwards  upon  the  aides  of  the 
cranium  (fig.  11),  arch  over  its  back  part,  and  leave  only  its  upper  and 
middle  part  membranous,  as  in  the  human  embryo,  when  ossification 
of  the  cranium  commences.  Two  broad  cartilages  {ib,  20,  21)  may 
represent  upon  the  roof  of  the  infundibular  suctorial  mouth  the  pala< 
tine  and  maxillary  bones,  and  anterior  to  these  there  is  a  labial 
cartilage  {ib.  22).  There  are  likewise  cartilaginous  processes  (t&.  r.  s.) 
for  the  support  of  the  large  dentigerous  tongue  and  the  attaclunent  of 
its  muscles."     I,  c.  pp.  72,  3. 

It  appears  firom  the  context  (p.  71)  that  by  "sphenoidal 
arches "  Professor  Owen  means  the  trabecuke  cranii  of  Rathke, 

^  L  0.  p.  114.  At  p.  182,  what  is  here  tenxied  ^*arc  pterygoidien,*'  is 
named  **  are palatin.*^ 

'  Lectures  on  the  Comparative  Anatomy  and  Physiology  of  the  Vertehrate 
Animals,  1816. 


THE  CRANIOFACIAL  APPARATUS  OF  PETROMYZON.        415 

as  he  applies  the  term  to  the  anses  kU^ralea  described  by  Vogt 
in  Coregonus,  which  are  nothing  but  these  trabeculcB,  and  the 
homology  of  which  with  the  lateral  bars  of  the  cranium  in  the 
lampreys,  had  already  been  pointed  out  by  Agassiz. 

In  1858  I  stated  that  '*  the  skull  of  the  lamprey  is  readily 
reducible  to  the  same  plan  of  structure  as  that  which  is 
ejdiibited  by  the  tadpole,  while  its  gills  are  still  external  and 
its  blood  colourles$\"  having  been  led  to  that  conviction  by 
a  careful  study  of  the  early  stages  of  development  of  the 
frog's  skull. 

In  1863'  I  expressed  this  view  more  fully,  and  compared  the 
margin  of  the  oval  space  upon  the  base  of  the  skull  to  the 
divergent  trabectdcB  cranii,  as  Agassiz  had  originally  done, 
and  the  posterior  dorsal  plate  to  the  ethmo-vomerine  cartilage. 
I  expressed  the  opinion  that  the  inverted  cartilaginous  arch 
which  gives  attachment  to  the  hyoidean  and  mandibular 
apparatuses  of  a  tadpole  is  ''strictly  comparable"  to  the 
subocular  arch  of  the  lamprey ;  but  I  added  a  doubt  "  whether 
the  accessory  buccal  cartilages  can  be  strictly  compared  to 
anything  in  other  fishes,  though  some  of  them  are  doubtless, 
as  Miiller  has  suggested,  the  analogues  of  labial  cartilages.*' 
I  gave  a  figure  (Fig.  75)  shewing  the  true  relation  of  the 
skeleton  to  the  enclosed  soft  parts  in  Petramr/zon  marinua. 

In  his  masterly  monograph  upon  the  cephalic  skeleton  of 
the  Selachians',  Gegenbaur  explains  tliat  he  has  taken  the 
skuU  in  the  Selachians  and  not  that  of  the  more  lowly  organ* 
ized  Cyclostome  for  the  starting-point  of  his  investigations^ 
because  the  latter  are  in  many  respects  abnormal  and  so  much 
less  directly  affiliated  with  the  other  Yertebrata,  that  it  is  not 
wise  to  attempt  to  begin  with  them.  He  approves  of  the  sharp 
line  of  demarcation  which  Haeckel  has  drawn  between  the 
Lampreys  and  Hags,  as  Monorrhinoy  on  the  one  hand,  and  all  the 
higher  Vertebrata,  as  Amphirrhina,  on  the  other;  and  though 
he  admits  the  possible  correctness  of  the  interpretation  of 
some  of  the  parts  which  I  have  given,  he  doubts  vfrhether  it 
really  tends  to  bridge  over  the  hiatus. 

1  Croonian  Lecture,  Proceedings  of  the  RoycU  Society ,  1868. 

*  Leotarea  on  the  Elements  of  Gomparatiye  Anatomy,  on  the  Classifioation 
of  Animals,  and  on  the  Vertebrate  SkuU,  1864,  p.  194. 

*  Das  Kopfskelet  der  Selaehier^  1872.  . 
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'*  Da  mir  das  Knorpelcraniam  der  Selachier  zum  Ansgangspunkfc 
80  wiohtig  erschien,  well  es  einen  tiefer  stehenden  Zustand  repnisen- 
tirt,  bedarf  es  noch  der  Kechtfertigung  wegen  des  Ausschlusses  der 
Cyclostomen,  die  gleich£Eklls  mit  einem  Elnorpelskelete  versehen  iind 
zudem  noch  in  der  ganzen  dbrigen  Organisation  eine  tiefere  Stufe 
einnehmend,  jenen  Anforderungen  noch  besser  hatten  entsprechen 
mUssen.  Darauf  kann  erwiedert  werden,  dasa  sowohl  in  dem  Cranium 
wie  in  vielen  Funkten  ihrer  ubrigen  Organisation  die  Cjclostomen 
bedeutend  abweichende  YerhiiltniBse  darbieten  iind  keinen  so  directen 
Anschluss  an  die  ubrigen  Wirbelthiere  bieten.  Sie  wiirden  daher 
von  Haeckel  mit  allem  Becht  als  Monorrhina  den  Amphirrhinen 
gegeniiber  gestellt.  Die  darin  ausgesprochene  Aufiassung  kann 
kaum  scharfer  piucisirt  werden.  Yon  so  abweichenden  keine 
atrictea  Yergleichungen  zulassenden  Formen  auszugehen,  ware  kein 
glucklicher  Gedanke.  Wenn  auch  die  Deutungen,  welche  Huxlej 
einzelnen  Theilen  des  Graniums  gab,  dasselbe  dem  Cranium  der 
Amphirrhina  naher  gerUckt  scheint^  so  be^teht  darilber  doch  keines- 
wegs  Sicherheit.  Die  gewiss  vorhandene  Yerbindung  mit  den  Am- 
phirrhinen mag  noch  zu  weiaen  sein,  aber  die  Entfernung,  welche 
zwischen  diesen  and  den  Cjolostomen  liegt^  wird  dadurch  nicht 
vermindert"  * 

In  describing  the  skull  of  Menobranchus  lateralis^  I  have 
remarked  that 

*^  No  known  Elasmobranch,  Ganoid,  or  Teleostean  fish  presents  so 
incompletely  developed  a  chondrocranium  as  that  of  Menohrcmchua, 
On  the  other  hand,  the  latter  is  much  like  that  of  a  Lamprej  if  we 
leave  the  ossification  of  the  Menohrcmohua  skull  and  the  accessory 
cartilages  of  the  Pet/romyzon  out  of  consideration.  And  this  fact, 
taken  together  with  the  curious  resemblance  in  development  between 
the  Lampreys  and  the  Amphibia  (which  are  much  closer  than  those 
between  any  of  the  higher  Fishes  and  the  Amphibia')  suggest  to  my 
mind  the  supposition  that,  in  the  series  of  modifications  by  which  the 
Marsipobranch  type  has  been  converted  into  that  of  the  higher  fishes, 
the  most  important  terms  must  have  been  forms  intermediate  in 
character  between  the  Dipnoi  and  the  Marsipobranchii."  (^.  c.  pp^ 
197,  8*), 

Finally,  in  a  'Preliminary  Note  upon  the  Brain  and  Skull  of 
Amphioxus  lanceolatus^  read  before  the  Royal  Society  last  year, 

^  Gegenbamr,  Da»  KopftheUt  der  Selachier,  Einleiitmg,  p.  9,  1872. 

'  Proceedings  of  the  ZooJogUal  Society  of  London,  1874. 

*  Unfortuately  we  know  nothing  of  the  derelopment  of  the  Dipnoi. 

^  I  have  not  yet  had  time  to  stndy  Goette's  large  and  elaborate  work  on  the 
development  of  Bombinator  ignens  ("Entwiokelongsgeschichte  der  XJnke"),  pafo- 
lished  this  year,  with  the  attention  it  deserves,  but  I  notice  at  p.  692,  the  remark, 
that  **  der  voUendete  Zastand  des  Kopfes,  wenigstens  der  Neonangen  ganx 
entsohieden  aof  die  Annren-larven  hinweist."  I  am  farther  glad  to  find  Uutt 
Dr  Goette  takes  the  same  view  as  I  have  done  respecting  the  relations  of  the 
Amura  with  the  Gyolostomes  (p.  744). 
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I  compared  the  skull  of  the  Lamprey  in  its  Ammoccetes  stage 
with  that  of  AmphioxtiSy  with  the  view  of  shewing  (1)  that 
numerous  anterior  proto-vertebrse,  answering  to  those  which 
in  the  higher  Yertebrata  give  rise  to  vertebrae  (among  other 
products  of  their  metamorphosis),  but  which  neither  in  the 
head,  nor  in  any  other  part  of  the  body  of  Amphioxua  develope 
vertebrae,  correspond  with  the  region  in  which  the  chondro- 
cranium  is  developed  in  the  Ammocoete,  and  (2)  that  neither 
in  the  Ammocoete  do  these  proto-vertebrse  give  rise  to  vertebrae, 
but  that  the  brain-case,  as  in  MencbranchtLS,  is  formed  partly 
by  the  parachordal  cartilages  (which  are  chondrifications  of  the 
investing  mass  of  the  notochord,  comparable  to  that  which 
precedes  the  development  of  the  -vertebrae  in  the  spinal  column 
of  the  Frog) ;  and  partly  by  the  trabeculae  which,  in  my  view, 
are  homologous  with  branchial  archest  In  the  Croon ian 
Lecture  to  which  I  have  already  referred,  the  following  pas- 
sage occurs : — 

"  The  cranium  never  becomes  segmented  into  somatomes :  distinct 
centra  and  intercentra  like  those  of  the  spinal  column  are  never 
developed  in  it.  Much  of  the  baftis  cranil  lies  beyond  the  notochord. 
In  the  process  of  ossification  there  is  a  certain  analogy  between  the 
spinal  column  and  the  cranium,  but  that  analogy  becomes  weaker 
and  weaker  as  we  proceed  towards  the  anterior  end  of  the  skull. 

Thus  it  may  be  right  to  say  that  there  is  a  primitive-identity  of 
stmcture  between  the  spinal  or  vertebral  column  and  the  skull ;  but 
it  is  no  more  true  that  the  adult  skull  is  a  modified  vertebral  column, 

1  Ooette  has  pnt  forward  a  very  dUfarent  view  of  the  nature  of  the  tra- 
beculae {he.  p.  629).  *'The  original  foundation  of  the  whole  skull  consists 
firstly,  of  the  posterior  basis  oranii,  a  cartilaginous  plate,  which  incloses  the 
notochord,  in  which  I  distinguish,  as  in  the  trunk,  an  axial  part,  the  notochord 
with  its  external  sheath,  and  lateral  plates  homologous  with  the  arches  of  the 
▼ertehro.**  (This  answers  to  what  I  naye  named  the  parachordal  portion  of  the 
skull.)  "  To  this  are  added  the  two  pair  of  arches,  which,  as  continuations  of 
these  lateral  plates,  at  their  anterior  and  posterior  ends,  embrace  laterally,  and 
eventuaUy  arch  over  the  anatomical  base  of  the  fore-brain  and  a  part  of  the 
hind-brain.  This  anterior  pair  of  arches  belongs  therefore  to  the  first  segment 
of  the  body  under  discussion ;  it  forms  the  first  vertebral  arch,  which  in  agree- 
ment with  the  general  position  of  this  segment  is  horizontal.  But  it  has  no 
corresponding  centrum — ^inasmuch  as  the  axial  structure  by  which  the  latter 
should  be  produced,  the  notochord,  was  drawn  back  from  the  fore-head  (Vorder- 
kopf)  to  the  anterior  margin  of  the  hind-head.'*  According  to  this  interpreta- 
tion, which  is  worthy  of  serious  consideration,  though  I  entertain  grave  doubts 
whether  it  can  be  sustained,  the  trabeculsB  represent  not  the  most  anterior 
pair  of  visceral  ar(^es,  as  I  have  supposed,  but  the  most  anterior  pair  of  neural 
arches.  How  this  view  is  to  be  reconciled  with  the  relations  of  the  trabeculia 
to  the  trigeminal  nerve  and  to  the  organs  of  the  higher  senses,  is  not  clear 
tome. 
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than  it  would  be  to  affirm  that  the  vei^tebral  column  is  a  modified 
Bkull." 

The  immense  extension  of  our  knowledge  of  the  minute 
details  of  the  structure  and  development  of  the  vertebrate  skull 
in  the  seventeen  years  that  have  elapsed  since  those  words 
were  written,  and  which  is  largely  due  to  the  investigations 
of  Mr  Parker,  whose  elaborate  and  numerous  contributions 
to  this  diflBcult  branch  of  anatomy  seem  hardly  to  be  as  well 
known  as  they  ought  to  be  abroad*,  has,  so  far  as  I  know, 
revealed  no  fact  inconsistent  with  their  fullest  signification. 

The  segments  of  the  Amphioxus  bead  are  not  vertebrae,  and 
in  the  Lamprey,  as  in  every  known  vertebrate  animal,  the 
cranial  region  takes  on  the  characters  of  a  skull  without  passing 
through  any  stage  of  vertebration*. 

At  the  end  of  my  brief  paper  I  stated  that  I  proposed  at 
some  future  time  to  shew  "  in  what  manner  the  skull  of  the 
Marsipobranch  is  related  to  that  of  the  higher  vertebrata, 
and  more  especially  to  the  skull  of  the  frog  in  its  young 
tadpole  state/' 

For  this  purpose  it  was  needful  to  go  over  the  structure  of 
the  lamprey's  skull  afresh,  and  unfortunately  my  supply  of 
these  fish  was  small,  and  I  have  been  unable  to  procure  fresh 
ones  until  recently.  I  have  examined  them  by  the  ordinary 
way  of  dissection,  and  by  making  transverse  sections  which 
form  admirable  Canada-balsam  prepai^ations. 

The  dorsal  wall  of  the  circular  lip  which  surrounds  the 
mouth  of  the  lamprey  (PL  xvii.  Fig.  1)  is  longer  than  the 
ventral  wall,  and  hence  has  the  form  of  a  hemispherical  bell, 
set  obliquely  on  to  the  body.  On  the  ventral  side,  the  lip  is 
separated  by  a  deep  transverse  constriction  from  the  rest  of  the 
head,  but  this  constriction  dies  away  laterally,  and  hardly  any 
ti*ace  of  it  remains  on  the  dorsal  aspect.    The  inner  surface 

^  For  example,  I  do  iiot  find  Mr  Parker's  name  in  the  long  'Aatoren 
Terzeiohniss '  appended  to  Goette's  work,  though  the  memoir  On  the  Structure 
tmd  Development  of  the  Skull  of  the  Common  Frog,  the  best  piece  of  work  of 
its  kind  which  has  appeared  since  Dxighs*  Recherchee,  was  published  in  1871. 

'  It  is  to  be  hoped  that  this  statement  will  preyent«persons  of  even  the 
largest  powers  of  misunderstanding  from  imagining  that  tiie  demonstratioa 
of  the  multi-segmentation  of  the  head  of  Amphioxwt,  is  a  relapse  on  my  pari 
into  archetypal  fancies  such  as  thoee  of  which  I  endeavoured  to  shew  the  futility 
a  score  of  years  ago. 
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of  the  lip  is  beset  with  the  well-known  homy  teeth,  and  its 
margins  are  provided  with  numerous  short  lamellar  papillae, 
of  which  those  on  the  ventral  side  are  the  longest  and 
largest. 

The  opening  into  the  buccal  chamber,  in  the  posterior  and 
dorsal  region  of  the  bell-shaped  cavity  of  the  lip,  is  small. 
Immediately  below  it  is  a  projection  (PI.  xvji.  Fig.  1,  o)  convex 
forwards,  flat  or  concave  on  its  dorsal  aspect,  and  having  a 
horny  envelope,  the  edge  of  which  is  produced  into  a  number 
of  denticulations,  the  longest  of  which  is  median.  I  shall 
term  this  the  mandibular  tooth.  On  the  ventral  side  of  it  is  a 
transverse  fold  which  bears  two  papillary  eminences.  The 
annular  cartilage  (a)  is  lodged  in  the  posterior  part  of  the  lip> 
and  its  ventral  part  lies  just  below  this  fold. 

The  inferior  median  cartilage  (PL  xvii.  Fig.  1,  t)  lies  beneath 
the  integument,  and  separated  from  it  by  a  large  subcutaneous 
sinus  \  amidst  the  ventral  muscles.  The  anterior  edge  of  the 
cross-piece  in  which  it  terminates  is  coimected  by  fibrous  tissue 
with  the  support  of  the  mandibular  tooth.  Behind  the  latter, 
the  tongue  {p)  rises  from  the  floor  of  the  buccal  cavity  and 
nearly  closes  it.  It  is  divided  by  a  deep  longitudinal  groove 
into  two  lobes,  united  for  a  short  distance  in  front.  The  opposed 
surfaces  of  these  lobes  present  minute  horny  denticulations 
arranged  in  a  curved  anteroposterior  series. 

The  buccal  cavity  itself  has  the  form  of  an  elongated  tube 
with  delicate  and  transparent  walls.  Its  roof  is  folded  longi- 
tudinally so  as  to  form  a  groove  (PL  xviii.  Fig.  1,  g)  which  is 
much  deeper  in  front  than  behind.  A  small  papillose  elevation 
if)  bounds  the  anterior  end  of  this  groove,  and  for  a  short  distance 
from  its  commencement  its  sidewalls  are  obliquely  folded.  This 
buccal  portion  of  the  alimentary  canal  terminates  behind  by 
dividing  into  two  tubes,  one  of  which  lies  on  the  dorsal  side  of 
the  other,  both  occupying  the  median  plane.  The  upper  tube 
(PL  XVII.  Fig.  1,  gb)  is  the  very  slender  oesophagus  which  traverses 
the  whole  length  of  the  branchial  region  to  pass  into  the  gastro- 
intestinal division  of  the  alimentary  canal.  The  lower,  much 
larger  tube  is  the  so-called  '  respiratory  bronchus,*  or  branchial 

^  This  oommnnicateB  with  the  system  of  cavities  described  as  Lymphatic  by 
Langerhans.  It  contained  blood  in  the  Bpeoimens  I  examined.  BeeMilne- 
Edwards*  ''Levons/'  iii.  p.  369. 
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canal  {Br.).  The  wall  of  the  buccal  cavity  between  these  two 
tubes  is  produced  into  a  sort  of  horizontal  shelf,  the  free  edge 
of  which  is  directed  forwards  and  is  divided  into  five  tentacular 
processes,  of  which  the  median  is  the  shortest  (PL  xvii.  Fig.  1, 
/;  PL  xvm.  Fig.  1,  u).  These  overhang  the  entrance  of  the 
branchial  canal,  and  doubtless  serve  to  prevent  the  entrance  of 
solid  particles  into  it.  Two  small,  flat  pieoes  of  cartilage 
which  are  wide  in  front  and  narrow  behind,  and  are  similar 
in  colour  to  the  other  cartilages,  support  the  horizontal  shelf 
from  which  the  tentacles  spring.  They  diverge  outwards  and 
backwards  towards  the  styliform  processes.  The  axis  of  each 
tentacle  and  the  middle  of  the  'shelf  between  the  two  cartilages 
just  described,  are  occupied  by  a  colourless  cartilaginous  tissue. 
Behind  and  below  this  tentaculated  shelf  the  entrance  of  the 
branchial  canal  is  further  protected  by  two  folds  of  the  lining 
membrane  (PL  xvii.  Fig.  1,  r ;  PL  xviii.  Fig.  1,  v  Q,  the  free 
edges  of  which  are  directed  backwards  and  towards  one  ano- 
ther. The  dorsal  half  of  each  of  these  valves  is  nearly  vertical ; 
the  ventral  half  slopes  backwards  until  it  becomes  nearly 
horizontal.  These  valvular  folds  constitute  the  pharyngeal 
velum,  and  are,  doubtless,  the  metamorphosed  velum  of  the 
Ammocoete.  They  must  readily  allow  of  the  passage  of  water 
into  the  branchial  canal,  but  must  obstruct  its  exit\  Behind 
these,  is  another  smaller  and  much  more  delicate  pair  of  valvu- 
lar folds  (PL  xviii.  Fig.  1,  vZ"),  which  when  they  flap  back, 
cover  the  first  internal  branchial  aperture.  There  is  a  depres- 
sion behind  each  of  the  pharyngeal  vela,  and  a  bristle  could 
sometimes  be  passed  through  the  wall  into  a  small  space  out- 
side it.  This  I  conceive  to  be  the  remains  of  the  hyoidean  cleft 
which  opens  externally  in  the  Ammocoete*. 

When  the  lining  wall  of  the  buccal  cavity  is  removed,  two 
large  muscles  are  seen  to  lie  between  it  and  the  lateral  skeletal 
parts.  The  upper  is  attached  by  a  long  tendon  to  the 
middle  of  the  hinder  edge  of  the  anterior  dorsal  cartilage,  on 
each  side  of  the  papillose  elevation  at  the  anterior  end  of  the 
dorsal  groove  already  described.     The  lower,  fleshy  throughout 

1  See  StannitiB,  Handbueh  der  Zootomie,  i.  p.  240,  and  Ratlike'«  desorlptioii 
of  these  parts  in  his  Bemerkungen  ueber  den  innem  Ban  der  Pricke,  1826. 
•  Froceedingi  of  the  Boyal  Society,  1876,  p.  128,  Fig.  D.  1. 
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its  length,  is  inserted  into  the  tongue.  Each  of  these  muscles 
arises  from  the  styliform  process,  the  position  of  which  exactly 
corresponds  with  that  of  the  outer  attached  edge  of  the  velum. 
Immediately  subjacent  to  the  ventral  wall  of  the  buccal 
cavity  lies  the  strong  aponeurotic  sheath  of  the  lingual  muscles 
with  the  lingual  cartilage  (PL  xvil.  Fig.  1,  i),  which  they  en- 
sheath.  The  two  comual  cartilagea  {%)  are  imbedded  in  this 
sheath,  their  long  edges  being  close  to,  and  nearly  parallel 
with,  one  another  (PI.  xviil.  fig.  3). 

Thus  it  is  obvious  that  the  lingual  cartilage  has  the  same 
relations  as  the  median  ventral  element  of  the  hyoidean  arch 
in  the  higher  Yertebrata,  and  that  the  etymudl  cartilagea  and 
the  styliform  processes  represent  lateral  elements  of  the  same 
arch.  MiiUer  attached  the  same  signification  to  the  comual 
cartilages,  but  not  to  the  lingual  cartilage. 

In  this  case  what  is  the  median  ventral  cartilage  which 
Miiller  regarded  as  the  body  of  the  hyoid?  The  hyoidean 
arch  is  complete  without  it  and  has  no  special  connexion  with 
it,  the  bent  up  anterior  end  of  the  lingual  cartilage  simply 
playing  over  it.  I  conceive  it  to  be  a  median  ventral  element 
of  the  mandibular  arch ;  notwithstanding  that,  in  the  higher 
vertebrates,  such  an  element,  though  the  analogy  of  the  other 
arches  would  lead  us  to  expect  its  presence,  is  not  known 
to  occur. 

The  third  division  of  the  trigeminal  nerve  passes  over  the 
expanded  anterior  end  of  this  cartilage,  traverses  the  ventral  half 
of  the  annular  cartilage,  and  runs  along  the  anterior  edge  of  the 
latter  to  its  dorsal  extremity  \  Thus  although  its  halves  are 
united  dorsally,  the  annular  cartilage  would  seem  to  be  essen- 
tially a  post-oral  structure.  The  inverted  subocular  arch  formed 
by  the  posterior  (f)  and  anterior  (f)  lateral  processes  lies  at  the 
sides  of  the  posterior  part  of  the  buccal  cavity.  The  second 
and  third  divisions  of  the  trigeminal  nerve  (PI.  XViiL  fig.  1,  V',  P) 
perforate  the  membrane  which  connects  them,  the  third  run- 
ning obliquely  downwards  and  forwards  to  its  distribution 
(PL  xvn.  fig.  1) ;  the  second  turning  outwards  and  passing  to 
the  sides  of  the  head. 

^  See  Bom,  Ueber  den  irmeren  Bau  der  LampreU^  Heufiingor's  Zeitschrift, 
1827,  Tab.  vi.  fig.  7. 
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The  posterior  lateral  process  therefore  answers,  in  all  essential 
respects,  to  the  suspensorial  cartilage  or  proximal  division  of 
the  man(}ibular  arch,  though  possibly  the  dorsal  end  of  the 
hyoidean  arch  may  be  united  with  it. 

Having  proceeded  thus  far,  the  further  study  of  the  cranio- 
facial apparatus  of  the  Lampreys  will  be  facilitated  by  com* 
parison  with  that  of  the  tadpole  (of  JRana  temporaria)  in  the 
stage  in  which  the  right  opercular  cleft  is  closed,  while  the 
hind-limbs  are  atill  in  the  condition  of  mere  buds  (PI.  XYli. 
fig.  2;  PL  XVIIL  figs.  2,  4  and  6). 

Duges  has  given  an  admirably  clear  and  accurate  account  of 
the  structure  of  the  skulls  of  the  tadpoles  of  Pelobates  fascuSy 
Hyla  viridisy  and  Raria  esculenta  in  this  stage;  and  it  has 
subsequently  been  treated  of  by  Reichert,  by  myself  and 
by  Mr  Parker  (PhiL  Trans,,  1871).  Figures  of  a  somewhat 
more  advanced  condition  of  the  skull  of  Bombinator  igneus  are 
given  by  Goette  in  the  work  already  cited. 

The  skull  of  the  tadpole,  at  this  stage,  consists  of  a  carti- 
laginous parachordal  basilar  plate,  the  middle  of  which  contains 
the  anterior  end  of  the  notochord.  On  each  side  are  the 
auditory  capsules,  while,  in  front,  the  basilar  plate  extends 
forwards  on  each  side  of  the  pituitary  space  to  form  the 
trabeculaB.  These  unite  in  front,  but  speedily  diverge  again 
to  terminate  abruptly,  close  to  the  upper  labial  cartilages 
(PI.  xynL  fig,  2  U,  lb).  The  nasal  sacs  are  situated  on  the  dorsal 
aspect  of  the  head,  one  on  each  side  of  the  origin  of  these  eth- 
moidal processes  of  the  skull  (e),  and  they  open  directly  into  the 
anterior  part  of  the  buccal  cavity.  On  comparing  this  skull  with 
that  of  the  young  Ammoccete  (PL  xvin.  fig.  5)  the  justice  of  the 
comparison  instituted  by  Agassiz,  between  the  *anses*  of  the 
latter  (TV)  and  the  trabeculae  of  vertebrate  embryos  in  general 
becomes  manifest.  Only,  in  the  Ammocoete,  there  is,  as  yet, 
nothing  answering  to  the  ethmoidal  processes  of  the  Frog's 
skull. 

In  the  young  Ammocoete  again  the  median  nasal  sac  (Na) 
is  conical  and  its  brief  ventral  prolongation  merely  overlies  the 
commissure  of  the  trabeculas.  If  the  sac  could  be  divided  into 
two  bv  a  median  constriction  it  would  answer  to  the  nasal  sacs 
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of  the  Frog  before  they  communicate  with  the  buccal  cavity. 
The  only  representative  of  any  part  of  the  subocular  arch  of 
the  adult,  in  the  Ammocoete  stage  of  the  Lamprey,  is  a  slender 
cartilaginous  process  (g)  which  corresponds  with  the  dorsal  end 
of  the  posterior  lateral  process  of  the  adult  ^. 

It  is  obvious  from  the  position  of  the  lateral  bars  of  the 
cranium  in  the  Lamprey  that  they  are,  as  Agassiz  determined 
them  to  be,  homologous  with  the  '  anses '  of  the  Ammocoete  and 
therefore  are  modified  trabeculse — while  the  '  hard  palate '  is  a 
chondrification  of  the  tissue  which  lies  between  them,  correspond- 
ing with  that  process  of  chondrification  by  which  the  floor  of 
the  skull  in  the  Frog  becomes  completely  converted  into  carti- 
lage. 

Nor  in  my  judgment,  can  it  be  doubted  that  the  posterior 
dorsal  cartilage  of  the  Lamprey  answers  to  the  ethmoidal  pro- 
cesses of  the  tadpole's  skull,  the  interspace  between  them  being 
similarly  chondrified. 

Again,  at  the  sides  of  the  Frog's  skull  there  is  a  subocular 
arch  (PL  xvm.  &g.2,p,f,'g),  the  posterior  limb  of  which  (g)  is  in  all 
respects  comparable  to  the  corresponding  part  of  the  Lamprey's 
subocular  arch ;  except  so  far  as  the  styliform  cartilage  of  the 
Lamprey  may  possibly  represent  the  upper  end  of  the  hyoidean 
arch.  For  in  the  Frog,  as  I  pointed  out  in  my  paper  on  Mono- 
branchiu,  the  hyoidean  arch  is  simply  articulated  with  the 
suspensorium  and  does  not  coalesce  with  it. 

I  have  formerly  assumed  that  the  anterior  pillar  of  the  subo- 
cular arch  in  the  tadpole  (PL  xvii.  fig.  2;  PL  xvni.  fig.  2,  p.) 
answers  to  the  anterior  lateral  process  in  the  Lamprey,  io  which 
it  is  indeed  extraordinarily  similar.  But  further  consideration 
shews  that  there  is  a  difficulty  in  the  identification  of  the  two. 
Both  the  second  and  the  third  divisions  of  the  trigeminal 
nerve  pass  through  the  subocular  membrane,  and  therefore  on 
the  ventral  side  of  the  arch;  whereas  in  the  Frog,  as  in  all  other 
Yertebrata^  they  run  on  the  dorsal  aspect  of  the  palatine  arcade. 
This  is  a  singular  anomaly  (which  occurs  also  in  the  Myxinoids), 
and  it  leads  to  the  suspicion  that  the  anterior  lateral  process 

^  When  this  passage  was  written  I  had  not  seen  the  valuable  paper  of  Lan- 
gerhans,  Untertuehungen  iiber  Petromyzon  Planeri,  Freiburg,  1873.  I  find  that 
he  has  described  and  figured  the  process  here  mentioned,  as  well  as  the  oartilo- 
ginons  ol&otoiy  capsule  known  to  Bathke,  but  ovezlooked  I7  Miiller. 
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maybe  represented,  not  by  the  palatine  proceRs  of  the  BUspenso-> 
rium  of  the  tadpole  (p.  fig.  2),  but  by  the  orbital  process,  which, 
as  is  well  known,  arches  over  the  jaw-muscles  and  nerves  until  it 
reaches  the  skull,  with  which  it  becomes  united  by  fibrous  tissue. 

The  otic  process  of  the  tadpole's  suspensorium  has  no  repre- 
sentative in  the  Lamprey,  and  therefore  the  posterior  division  of 
the  seventh  nerve,  which  takes  the  same  course  as  in  the  Frog, 
does  not  pass  through  a  foramen. 

The  oral  aperture  of  the  tadpole,  in  this  stage,  is  surrounded 
by  a  deep,  fringe-like,  transversely-oval  lip,  produced  on  each 
side  into  a  fold  (PL  xviiL  fig.  6).  Dorsally,  this  lip,  as  in  the 
Lamprey,  passes  evenly  into  the  integument  of  the  head ;  ven- 
trally,  it  is  marked  off  from  the  rest  of  the  integument,  just  as 
in  the  Lamprey,  by  a  deep  transverse  constriction.  The  inner 
surface  of  the  lip  is  raised  into  ridge-like  linear  elevations,  the 
free  edges  of  which  are  beset  with  the  singular  spoon-shaped  ser- 
rated hooks,  which  result  from  the  modification  of  the  epithelium. 

There  are  four  rows  of  these  denticles  in  the  lower  division 
of  the  lip,  and  two  in  the  upper.  Behind  these  come  the  homy 
jaws,  which  are  structures  of  a  very  similar  nature,  moulded 
upon  the  edges  of  two  pairs  of  labial  cartilages — an  upper  and  a 
lower  {U.lb;  L,lb), 

Each  pair  of  these  labial  cartilages  are  so  closely  united  in  the 
middle  line  in  this  stage  that  it  is  not  always  easy  to  discern 
the  traces  of  their  primitive  distinctness.  The  upper  pair  over- 
lap the  lower,  which  last  form  a  half  circle.  In  Rana  tempo- 
raria  the  second  small  upper  labial  cartilage  attached  to  the 
outer  angle  of  each  of  the  principal  pair,  which  is  described 
and  figured  by  Dug^  in  Pelobatea,  appears  to  be  absent. 

The  angles  of  the  upper  and  lower  labial  cartilages  are 
united  by  fibrous  tissue.  The  outer  part  of  the  dorsal  face  of 
each  lower  labial  cartilage  articulates  with  the  outer  end  of  the 
posterior  face  of  the  short  Meckelian  cartilages  (Mk),  These  are 
therefore  separated  by  a  considerable  interval,  occupied  by  the 
floor  of  the  mouth  (PL  xviii.  fig.  4).  Their  proidmal  ends  ar- 
ticulate with  the  ends  of  the  suspensona,  and  the  long  axis  of 
each  Meckelian  cartilage  is  inclined  downwards  and  backwards. 
These  cartilages  therefore  lie  at  the  sides  of,  as  well  as  beneath 
the  buccal  cavity  (PL  XVII.  fig.  2). 
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The  larger  hyoidean  comu  (PI.  xviil.  fig.  4s,  -fiy ),  articulated 
with  the  posterior  face  of  the  suspensorium  by  a  part  of  its  ante- 
nor  edge,  ends  dorsally  in  a  free  point;  ventraUy,  it  narrows  and 
passes  into  the  anterior,  transversely  expanded,  end  of  a  median 
cartilage  (Hy*),  which  tapers  posteriorly,  and  is  received  between 
the  coalesced  ventral  ends  of  the  branchial  arches.  Of  these 
there  are  four.  The  ventral  part  of  the  most  anterior 
is  still  distinctly  marked  off  from  the  coalesced  ventral  ends 
of  the  three  posterior  arches.  The  dorsal  moieties  of  the 
branchial  arches,  when  they  are  separated  by  the  branchial 
clefts,  are  bent  so  as  to  be  strongly  convex  outwards  and  con- 
cave inwards. 

The  comu  of  the  hyoid  in  the  tadpole  obviously  answers 
to  the  comtuil  cartHagea  in  the  Lamprey.  The  median 
cartilage^  the  anterior  expanded  end  of  which  raises  the  mucous 
membrane  of  the  anterior  part  of  the  floor  of  the  mouth  into  a 
rudimentary  tongue,  no  less  closely  resembles  the  lingual 
cartilage  of  Pe^romyiron,  while  the  branchial  arches  represent  the 
four  anterior  branchial  arches  of  the  Lamprey.  Not  only  so,  but 
in  the  present  stage,  the  branchise  of  the  tadpole  are,  as  is  well 
known,  pouches,  which  present  no  merely  superficial  likeness  to 
the  branchial  sacs  of  the  Lamprey.  A  septum  extends  inwards 
from  the  concave  face  of  each  branchial  arch,  and  the  septa  of 
the  two  middle  arches  (PI.  xviii.  fig.  4)  terminate  in  free  edges 
in  the  branchial  dilatation  of  the  pharynx.  Vascular  branchial 
tufls  beset  the  whole  convex  outer  edge  of  the  branchial  arch, 
and  are  continued  inwards  in  parallel  transverse  series  of 
elevations,  which  become  smaller  and  smaller  towards  the  free 
edge  of  each  septum,  near  which  they  cease  \ 

In  the  young  Ammocoste  the  septa  of  the  branchial  chambers 
similarly  bear  vascular  processes,  which  are  first  developed  close 
to  the  external  branchial  aperture,  and  thence  extend  inwards 
transversely". 

The  recesses  at  the  sides  of  the  floor  of  the  pharynx  into 

^  DngdB  {I.  c,  p.  97)  has  oarefnlly  desoribed  the  branohue  of  Pelobate$, 
'  If  these  first-formed  long  branohiol  filaments  of  the  Ammoooete  projected 
through  the  smaU  gill-olefts  outward)  instead  of  inwards,  they  would  resemble 
the  first-formed  'external  gills'  of  filasmobranehs.  And  this  difference  of 
direction  seems  to  indicate  the  solution  of  the  difficulty,  that  external  gills, 
which  are  so  generally  developed  at  first  in  EUumobranchiif  Oanoldti  and 
Dipnoh  are  apparently  wanting  in  Maraipobranchii, 
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which  the  interseptal  clefts,  or  internal  branchial  clefts  open, 
answer,  taken  together,  to  the  branchial  canal  of  the  Lamprey, 
which  is  not  shut  off  from  the  oesophagus  in  the  AmmoccBte.  The 
anterior  boundary  of  each  of  these  recesses  is  marked  by  a  fold 
of  the  mucous  membrane,  the  free  edge  of  which  projects  back- 
wards and  is  produced  into  papilliform  angulations  so  as  to  appear 
scalloped  (PL  xviii.  fig.  4).  The  anterior  face  of  this  fold  is 
convex,  its  posterior  face  is  concave.  The  inner  angle  of  each 
fold  passes  into  its  fellow  by  a  ridge,  produced  into  one  or  two 
papillaB,  which  is  closely  adherent  to  the  median  part  of  the  floor 
of  the  mouth.  The  outer  angle  is  continued  into  a  more  delicate 
fold  of  the  mucous  membrane  lining  the  roof  of  the  mouth, 
the  free  edge  of  which  also  projects  backwards.  It  is  plain  that 
these  structures  answer  to  the  pharyngeal  velum  of  the  Lam- 
prey \ 

Thus  I  think  there  can  be  no  doubt  that  the  comua  of  the 
hyoid  in  the  Frog,  and  the  median  cartilage  which  connects 
them,  are  the  homologues  of  the  comual  cartilages  and  the 
lingual  cartilage  of  the  Lamprey.  Whether  the  styliform 
process  of  the  Lamprey  is  really  the  upper  end  of  the  hyoidean 
arch,  or  whether  it  simply  answers  to  the  part  of  the  man- 
dibular arch  of  the  tadpole  which  articulates  with  the  hyoidean 
cornu  elongated  into  a  process,  is  more  than  I  can,  at  present, 
venture  to  decide.  The  analogy  of  the  frog  and  of  Chimcera 
however  is  against  the  hyoidean  nature  of  the  styliform  pro- 
cess. The  lower  labial  cartilages  in  the  tadpole  {l,lh)  occupy 
just  the  same  position  in  the  lip,  in  front  of  the  ventral  con- 
striction, as  the  ventral  half  of  the  annular  cartilage  does  in 
the  Lamprey.  Considering  that  the  corresponding  structure  in 
Amphioxus  is  an  incomplete  ring  open  on  the  dorsal  median 
line;  and  considering,  further,  the  distribution  of  the  third 

^  Some  Tery  singnlar  tentacnlar  straotTxres  are  arranged  in  definite  order  in 
the  roof  and  on  the  floor  of  the  tadpole's  month.  Three  or  four  are  situated 
in  a  transverse  row  upon  the  rudimentary  tongue :  two  over  the  junction  of 
Meckel's  cartilage  with  the  lower  labial  cartilage :  one  large  one  immediately 
behind  the  inner  or  posterior  nostriL  Between  these  the  roof  of  the  mouth 
presents  a  triangular  papillose  elevation  with  its  apex  directed  backwards — 
which  is  comparable  to  the  papilla  at  the  anterior  end  of  the  dorsal  buccal 
groove  in  Peiromyzon — and  two  parallel  rows,  one  on  each  side  of  the  roof,  and 
one  on  each  side  of  the  floor  of  the  mouth.  The  extremities,  and  sometimes  the 
sides  of  these  tentacula,  are  more  or  less  papillose,  and  the  central  axis  is  in 
straotore  very  sixailar  to  dey^oping  cartilage. 
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division  of  tlie  trigeminal  nerve,  I  incline  to  think  that  the 
annular,  cartilage  of  the  Lamprey  represents  only  the  lower 
labial  cartilages  of  the  Frog.  A  knowledge  of  the  development 
of  the  ring  in  question  would  decide  this  pointy  but  I  have  not 
yet  been  able  to  obtain  young  Lampreys  in  which  the  buccal 
cartilages  are  just  making  their  appearance.  If  the  annular 
cartilftge  of  the  Lamprey  answers  to  the  lower  labial  cartilages 
of  the  Frog,  then  the  upper  labial  cartilages  will  correspond  in 
form  and  position  to  the  anterior  dorsal  cartilage,  and  the  small 
antero-lateral  cartilages  will  perhaps  have  a  parallel  in  the 
upper  '  adrostral '  cartilages  in  PelohaUs. 

The  posterior  lateral  cartilages  are  directly  connected  with 
that  end  of  the  suborbital  arch  which  answers  to  the  articular 
end  of  the  suspensorium  in  the  frog  (Pis.  XYii.,  XYIIL  figs.  1  and  2)» 
and,  in  their  position,  exaggerate  the  peculiar  arrangement  of  the 
tadpole's  Meckelian  cartilage.  That  they  are  parts  of  the  man- 
dibular arch  I  believe  to  be  certain,  but  in  the  absence  of  any 
knowledge  of  their  mode  of  development,  I  leave  the  question 
as  to  their  exact  homology  open.  Finally,  the  median  ventral 
cartilage  appears  to  have  no  representative  in  the  tadpole ;  and, 
as  I  have  already  said,  I  take  it  to  be  an  inferior  median  piece 
of  the  mandibular  arch — ^not  represented,  so  far  as  our  present 
knowledge  goes,  in  the  higher  vertebrata. 

Thus  the  craniofacial  apparatus  of  the  Lamprey  can  be 
reduced  to  the  same  type  sus  that  of  the  higher  Vertebrata,  by 
means  of  the  intermediate  terms  afforded  by  the  Tadpole's 
skull ;  and  there  appears  to  me  to  be  no  sufficient  foundation, 
in  the  present  state  of  knowledge,  for  regarding  the  Marsipo- 
branch  skull  as  one  which  departs  in  any  important  respect 
from  the  general  vertebi4le  type. 

To  what  extent  all  the  identifications  here  made  will  stand 
the  test  of  the  study  of  the  development  of  the  Lamprey's 
facial  cartilages  remains  to  be  seen ;  but  the  only  doubt  which 
exists  in  my  mind  is  with  regard  to  the  anterior  dorsal  and  the 
postero-lateral  cartilages.  If  the  annular  cartilage  is  developed 
by  the  confluence  of  primitively  distinct  upper  and  lower  labial 
cartilages,  the  homologues  of  the  anterior  dorsal  cartilage  will 
have  to  be  sought  in  some  of  the  anomalous  palatal  cartilages 
of  the  Rays ;  among  which  it  might  not  be  impossible  to  find 
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representatives  of  the  postero-lateral  cartilages.  But  that  the 
parts  of  the  face  of  the  Lamprey  present  no  structures,  which 
are  not  to  be  found  in  one  shape  or  another  among  the  higher 
Vertebrata,  appears  to  me  to  be  clear. 

In  the  Myxinoid  Marsipobranckii  there  is  even  less  diffi- 
culty in  reducing  the  skull  to  the  ordinary  vertebrate  type. 
Three  pairs  of  cartilaginous  rods  here  spring  from  the  anterior 
end  of  the  parachordal  region,  one  pair  passing  forwards  as  the 
trabeculse,  and  two  curving  backwards  and  to  the  ventral  side 
as  the  mandibular  and  hyoidean  arches  respectively.  The  two 
latter  have  swung  backwards  until  they  take  a  position  unlike 
that  which  they  have  in  the  Tadpole  and  the  Lamprey,  and  like 
that  which  they  have  in  the  adult  Frog.  Not  only  in  this 
respect,  but  in  the  structure  of  the  circulatory  and  respiratory 
apparatuses  the  Myxinoid  fishes  exhibit  a  higher  stage  of  organ- 
ization than  the  Lamprey^.  But,  at  present,  I  can  only  indicate 
the  outlines  of  a  comparison  which  requires  fuller  discussion 
than  can  be  given  to  it  on  the  present  occasion. 

In  conclusion,  I  will  only  advert  to  the  singular  resemblance 
in  structure  and  mode  of  working  between  the  tongue  of  the 
Marsipobranch  and  the  odontophore  of  a  Mollusk,  as  a  point 
worthy  of  attention. 


DESCRIPTION  OP  THE  PLATES. 


Plath  XVIL 

Fig,  1.  Vertical  and  longitadinal  section  of  the  anterior  part  of  the 
body  of  Lamprey  (P,JluviatUi8)x3.  a.  ttinnlar  cartilage;  b.  anterior 
dorsal  cartilage ;  «.  antero-lateral;  <i.  postero-lateral  cartilage ;  6.  pos- 
terior dorsal  cartilage;  if.  hinder  maT*gin  of  the  hard  palate ;  /i  ante- 
rior lateral  process ;  g.  posterior  lat«^  process ;  ,r.  angle  formed  by 
the  junction  of  these ;  A.  styliform  process ;  i.  comnal  cartilage ; 
k.  hngaal  cartilage ;  /.  median  ventral  cartilage ;  m.  occipital  arch ; 
n,  posterior  wall  of  the  nasal  capsule ;  o.  lip-like  fold  with  two  papillse ; 
p,  tongue;  q,  tentaculate  branchial  valve;  r.  pharvngeal  velum. 
iV*.  nasal  aperture ;  OL  olfactory  sac ;  Hm,  the  cerebral  hemispheres ; 
M,  midbrain ;  Cs.  cerebellum  ;  Md»  medulla  oblongata ;  My.  myelon ; 
Ch.  notochord ;        Oc.  nasal  canaL 

Fig.  2.  Vertical  and  longitudinal  section  of  the  anterior  part  of  the 
body  of  a  Tadpole  of  Rana  temporaria  (  x  10)  Ch.,  Mff.y  Ma.,  Cc,  Ms.^ 
Hm.,  0B.y  N.  as  before ;  iV'.  posterior  nasal  aperture ;  Afk,  Meckel's 
cartilage;        U.lb,  L.lb,  upper  and  lower  labial  cartilages;        e.  eth- 
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moidal  cartilage;  f,  angle  of  junction  of  the  palatine  cartilage, 
p.  with  the  sasi>en8oriuni,  g.  and  the  articular  surface  for  Meckers 
cartilage ;  k.  median  cartilage  connecting  the  hyoidand  branchial  arches ; 
Br.  vL  FL  pharyngeal  velum ;       If,  heart 


Plate  XVIII. 

Fig.  1.  The  anterior  part  of  the  roof  of  the  branchial  canal  and  of  the 
buccal  cavity  of  a  Lamprey  ( x  3) ;  b.  The  two  anterior  branchial  openings ; 
B.  The  right  anterior  branchial  sac ;  x,  a  bristle  passed  into  the  opening 
behind  the  right  half  of  the  telum  vL;  vP.  the  second  valvular  fold  in 
front  of  the  first  branchial  aperture^  more  distinctly  shewn  than  in 
nature ;  u.  the  *  shelf  with  its  tentacles ;  g,  the  median  groove ;  t,  its 
anterior  termination ;  e.  the  anterior  end  of  the  posterior  dorsal  carti- 
lage ;  f^,  the  second  and  third  divisions  of  the  trigeminal  nerve ; 
Au.  the  auditory  capsules. 

Fig,  2.  The  roof  of  the  mouth  of  a  Tadpole  of  R,  temporaria  (  x  10) 
CA^  Au.  BM  before— ^L  the  superior  vela ;  L  a  median  large  triangular 
papilla,  between  the  two  which  lie  behind  the  posterior  nares ;  TV.  tra- 
beculee ;  g./.  v.  the  sub-ocular  arch;  e,  the  ethmoidal  processes ; 
V.  lb.  the  upper  labial  cartilage. 

Fig.  3.  The  lingual  cartilage  Hy^,  the  comual  cartilages  Hy  and  the 
styliform  processes  Hy  (?)  of  a  Lamprey  magnified  three  times;  Lt.  the 
mandibular  tooth :  /.  the  anterior  end  of  the  median  ventral  cartilage, 
the  posterior  prolongation  of  which  is  supposed  to  be  seen  through  the 
lingual  cartilage ;  VI.  the  lower  halves  of  the  pharyngeal  vela— between 
which  a  small  poi*tion  of  the  mucous  membrane  of  the  floor  of  the  mouth  is 
seen.  Beneath  this  is  the  fibrous  aponeurosis  of  the  muscular  sheath  of  the 
tongue  and  the  tendon  of  the  long  retractor  muscle. 

Fig,  4.  The  floor  of  the  mouth  of  the  Tadi)ole  of  Rana  temporaria; 
Lib.  lower  labial  cartilage;  Mk,  Meckel's  cartilage;  ffy'.  hyoidean 
comu  ;  By',  median  inferior  piece  of  the  hyoid ;  VL  inferior  velum ; 
#.  1.  2.  3.  4.  walls  of  the  branchial  sacs. 

Fig,  5.  The  skull  of  a  young  Ammocoete,  or  larval  Petromyzon,  with 
the  brain  in  situ ;  Ch.  the  notochord ;  Au,  the  auditory  capsules ; 
g.  the  lateral  process;  TV.  the  trabeculse;  w.  the  lateral  walls  of  the 
cranium  in  the  region  of  the  cerebral  hemispheres  ;  Na,  the  nasal  open- 
ing embraced  by  the  crescentic  cartilage. 

Fig.  6.    Lips  and  homy  upper  jaw  of  the  Tadpole  ( x  10). 


THE  SECONDARY  ARCHES  OF  THE  FOOT. 
£7  S.  Mesbengeb  Bradley,  F.R.C.S. 

The  coDstrucdon  and  mechaniam  of  the  three  principal  arches  of  the 
foot,  viz.  the  an tero- posterior  vertical,  the  transverse  vertical,  and 
the  horizontal  arches,  have  been  carefully  described  by  Ward,  who 
also  gives  an  interesting  account  of  the  peculiar  features  of  the 
various  intertarsal  joints.  He  draws  attention  chiefly,  1st,  to  the 
great  strength  of  the  short  posterior  pier  of  the  antero-posterior  arch 
reaching  from  the  ankle  to  the  heel  for  the  purposes  of  support^  and 
to  the  much  greater  elasticity  of  the  anterior  pier  of  the  same  arch, 
which  is  chiefly  concerned  in  distributing  concussion ;  2nd,  to  the 
fact  that  in  the  rotation  of  the  os  calcis  beneath  the  astragalus,. the 
body  of  the  calcaneum  advances  a  quarter  of  an  inch  and  descends 
one-eighth  of  an  inch,  while  the  lesser  process  ascends,  so  that  in 
thus  rotating  the  outer  side  of  the  foot  advances  and  the  toes  point 
inwards,  while  the  outer  border  is  at  the  same  time  depressed ; 
3rd,  that  the  astragalo-scaphoidean  and  calcaneo-cuboidean  ai-ticular 
surfaces  glide  on  each  other  ;  and  that  when  this  gliding  takes  place 
cotemporaneously  with  the  preceding  movements  the  toes  move 
inwards  25^,  and  the  outer  boixler  of  the  foot  is  depressed  an  inch 
and  a  half:  and  4th,  he  gives  a  very  careful  and  accurate  descrip- 
tion of  the  means  provided  for  elasticity  and  the  general  distri- 
bution of  concussion  in  the  angles  at  which  the  various  tarsal 
bones  articulate  with  each  other  and  with  the  metatarsal  bones. 
There  is,  however,  one  point  which  appears  to  have  escaped  his 
notice,  as  it  has  also  escaped  the  notice  of  others :  T  refer  to  the 
mechanical  shapes  of  the  articular  surfaces  of  the  various  intertarsal 
joints.  This  may  be  most  easily  seen  and  studied  when  a  vertical 
section  is  made  from  before  backwards  through  the  foot  with  the 
tibia  still  in  situ  in  the  direction  which  the  line  of  pressure  takes 
when  standing  erect.  I  have  lately  made  several  such  sections  in 
well-formed  feet;  the  one  which  the  foUowing  measurements  were 
taken  from  was  a  somewhat  small  foot  belonging  to  a  young  woman, 
and  the  section  in  this  instance  fell  through  the  tibia,  astragalus, 
OS  calcis,  scaphoid,  cuboid,  external  cuneiform,  and  third  metatarsal, 
as  shown  in  the  annexed  woodcut.  In  walking,  and  even  in  standing, 
it  Lb  of  course  true  that  the  foot  is  slightly  everted,  and  the  line  of 
greatest  pressure  falls  upon  the  first  and  not  upon  tlie  third  toe,  as 
here  represented,  but,  from  other  sections,  I  find  that  the  result  is 
the  same,  whether  the  cut  traverses  the  first  or  third  metatarsal 
bone.  In  the  section  which  is  here  represented  every  articular  sur- 
face divided  by  the  saw  proved  to  be  a  segment  of  a  circle.  Other 
sections  of  other  feet  have  shown  that  the  joint  between  the  scaphoid 
and  cuneiform  is  not  always  an  arc  of  a  circle,  but  with  this  ex- 
ception all  the  articular  surfaces  appear  to  be  of  this  nature.     The 
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A ,  Tibia.  B,  Astragalas.  C,  Caloanemn.  D,  Scaphoid.  E,  Cuboid.  F,  Exter- 
nal Cuneiform.  O,  Third  Metatarsal.  1,  1,  Spongy  oanoellous  tiasue  out 
of  line  of  pressure.  2,  2,  2,  2,  Firm  ouryes  of  oanoellous  tissue  in  line  of 
pressure.    The  yarious  oiroles  are  indicated  by  dotted  lines. 


circles  differ  as  do  the  segments  in  size,  the  larger  are  situated  in  the 
short  posterior  pier  of  the  antero-posterior  arch,  i.  e.  between  the  tibia 
and  the  heel,  the  smaller  and  more  numerous  in  the  long  anterior 
pier,  i.e.  between  the  astragalus  and  the  toes.  Hie  line  of  pressure, 
though  deflected  by  the  astragalus,  chiefly  passes  of  course  to  the 
heel,  and  in  this  passage  tiaverses  two  segments  of  comparatively 
large  circles,  viz.  one  between  the  tibia  and  the  astragalus,  and  the 
other  between  the  astragalus  and  os  calcis.  The  circles  serve  to 
transmit  the  pressure  chiefly  to  the  dense  periphery  of  these  bones,  and 
to  the  strong  cancelli,  leaving  the  spongy  centres  fully  equal  to  sup- 
porting their  lesser  share  in  the  burden  \  The  other  line  passes 
downwards  and  forwards  to  the  toes  and  traverses  more  numerous 
but  smaller  segments  of  smaller  circles,  viz.,  one  between  astragalus 
and  scaphoid,  one  between  os  calcis  and  cuboid  (vertically  beneath 
the  preceding),  one  between  scaphoid  and  (in  this  particular  section) 
external  cuneiform,  and  one  between  external  cuneiform  and  third 
metatarsal. 

Finding  the  centres  of  these  segments  they  proved  to  have  the 

following  dimensions: — 

Inches 

Upper  articular  surface  of  astragalus,  segment  of  circle  2*5  in  dium. 

Under  ditto  ditto  ditto         ...  2*8 

Under  surface  of  os  calcis  ditto         ...  2 '5 

Anterior  surface  of  astragalus  ditto         ...  1* 

Anterior  surface  of  OS  calcis  ...         ...         ...       *84 

Anterior  surface  of  scaphoid  ...         ...         ...  1  * 

Anterior  surface  of  external  cuneiform  ...         ...  1  * 

Anterior  end  third  metatarsal  ...         ...         ...       *5 


99 


91 


9* 


»> 


1  Mr  Wagstaffe  has  shown  that  the  cancellous  tissue  of  the  bones  of  the  foot 
form  a  series  of  curves  of  various  Bi?.«)s,  which  are  also  important  elements  in 
the  mechanical  construction  of  the  pedal  arches.     Yide  St  Thomases  Hospital 
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As  Professor  Humphry  remarks  in  a  letter  which  I  have  received 
from  him  upon  this  subject,  when  one  bone  revolves  upon  another 
the  8ur£Ebces  must  be  segments  of  circles,  and^  as  he  further  states/ 
there  are  probably  only  a  very  limited  number  of  pure  gliding  joints 
in  the  body.  ThiB  appears  to  be  precisely  the  case  in  the  foot,  for, 
with  the  exception  of  the  joint  between  the  scaphoid  and  cuneiform, 
which  I  have  before  stated  is  occasionally  a  non-circular,  and  there- 
fore a  gliding  surface,  every  tarsal  movement  must  be  one  of  rota- 
tion. It  is  further  interesting  to  note  a  sort  of  compensatory  move- 
ment which  takes  place  among  these  tarsal  joints,  by  means  of  which 
the  length  of  the  foot  remains  unaltered  during  its  various  changes  of 
position ;  thus  when  the  medio-tarsal  joint  is  concerned  in  eictreme 
adduction  of  the  foot,  the  os  calcis  is  at  the  same  time  swinging 
beneath  the  astragalus  so  as  to  preserve  an  exact  equality  of  length. 
As  &r  as  I  have  been  able  to  see  in  the  movements  of  the  living 
body,  while  making  cai'efid  measurement,  whatever  motion  is  per- 
formed, whether  of  abduction  or  adduction,  there  is  by  this  principle 
of  compensatory  movement  no  alteration  in  the  distance  between 
the  toes  and  the  heel. 

One  other  point  is  noteworthy  in  reference  to  this  subject :  be- 
sides preserving  a  uniformity  of  length,  the  fact  that  the  intertarsal 
movements  are  rotatory  instead  of  gliding,  preserves  a  uniformity  of 
pressure  upon  the  various  articular  surfaces  which  must  be  pre- 
ventive in  a  great  degree  of  extreme  and  injurious  pressure  falling 
upon  any  one  point,  and  which  would  almost  of  necessity  be  the  case 
if  the  curves  were  not  circular,  and  the  movements  of  rotation  were 
exchanged  for  simple  sliding  motions. 

Reports^  voL  v.  Bee  also  Professor  Hnmphiy's  remarks  on  the  disposition  of 
the  cancelli  in  his  Treatise  on  the  Human  Skeletan,  1858,  pp.  474,  498,  and 
elsewhere. 


NOTE    ON    THE    PLACENTAL    AREA     IN    THE    CAT'S 
UTERUS  AFTER  DELIVERY.     By  Professor  Turkbr. 

In  mj  description  of  the  placentation  of  the  Cat  in  the  last  ntimber 
of  this  Journal  I  stated  (p.  158)  that,  on  peeling  off  the  placenta  from 
the  uteras  of  a  cat  killed  in  the  mid-period  of  gestation,  the  whole 
thickness  of  the  mucosa  in  the  placental  area  came  away  with  the 
placenta  and  left  the  muscular  coat  exposed.  I  have  since  the  pub- 
lication of  that  number  obtained  the  uterus  of  a  cat  killed  fire  hours 
after  giving  birth  to  four  kittens,  so  that  I  am  now  able  to  sup- 
plement my  description  of  the  placentation  of  this  animal  by  stating 
what  is  the  post  pactum  condition  of  its  uterus. 

The  uterus  was  contracted  and  the  mucous  lining  thrown  into 
well-defined  rugse.  Each  placental  area  was  a  narrow  zonular  trench, 
bounded  at  each  margin  of  the  zone  by  a  fold  of  the  mucosa.  The 
surface  of  the  non-placental  part  of  the  mucosa  was  unbroken  and 
covered  by  epithelium.  The  surface  of  the  placental  cone  was  blood- 
stained, and  with  a  number  of  shreds  of  membrane  hanging  fix)m  it, 
so  that  it  had  a  torn  and  flocculent  appearance.  When  thin  flakes 
were  removed  from  the  surface  of  the  placental  zone  and  examined 
microscopically,  they  were  seen  to  consist  of  multitudes  of  free  red 
blood-corpuscles,  of  very  delicate  fibres  of  connective  tissue,  inter- 
mingled with  which  were  fusiform  and  Ijrmph-like  corpuscles,  and 
here  and  there  a  patch  of  cells,  evidently  epithelium.  A  series  of 
vertical  sections  was  then  made  through  the  placental  area  and  ad- 
jacent non-placental  part  of  the  mucosa,  and  examined  with  low  tfnd 
high  magnifying  objectives.  The  free  edge  of  the  section  in  the 
non-placental  area  was  covered  by  a  well-defined  layer  of  columnar 
epithelium,  deeper  than  which  was  a  thick  layer  of  s«b-epithelial 
connective  tissue,  intervening  between  the  epithelium  and  the  musoii* 
lar  coat.  Lying  vertically  in  this  connective  tissne  were  numerous 
utricular  glands,  which  opened  on  the  fvee  surface  of  the  mucosa, 
and  were  lined  by  columnar  epithelium.  In  the  placental  area  itself 
the  surface  epithelium  was  absent,  and  the  free  edge  of  the  section 
had  not  a  smooth  outline,  but  was  irregular  and  with  slender  filar 
ments  of  connective  tissue  projecting  hx)m  it.  The  thickness  of  the 
connective  tissue  layer  on  the  suiface  of  the  muscular  coat  was 
appreciably  less  (on  the  average  about  one-third)  than  in  the  non- 
placental  area.  In  this  connective  tissue  sections  through  utricular 
glands  were  seen.  Some  of  these  sections  were  transverse  to  the 
tube  of  the  gland,  others  oblique,  others  almost  longitudinal.  The 
epithelial  lining  of  the  glands  was  present,  and  it  is  not  unlikely 
that  the  occasional  patch  of  cells  found  on  the  surface  of  the  placental 
area  may  have  belonged  to  the  glands  and  not  to  the  suifaoe  epi- 
thelium. In  more  than  one  of  the  sections  I  saw  in  the  placental 
area  gland-stmctures  which  had  not  the  form  of  cylindrical  tubes, 
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but  were  somewhat  irregularly  dilated.  Numerous  blood-vessels, 
which  were  the  vascular  trunks  going  to  the  placenta,  were  also  seen 
plugged  with  collections  of  blood-corpuscles. 

From  this  description  it  will  be  seen  that  in  the  normal  separation 
of  the  placenta  at  the  time  of  parturition  so  complete  a  shedding  of 
the  mucosa  of  the  placental  zone  does  not  take  place  as  was  effected 
bj  artificially  tearing  off  the  placenta  in  an  earlier  period  of  gesta- 
tion. The  muscular  coat  is  not  exposed,  but  is  covered  by  a  layer  of 
connective  tissue,  forming  the  deeper  part  of  the  Kub- epithelial  con- 
nective tissue  of  the  placental  area,  in  which  portions  of  the  gland- 
tubes  and  blood-vessels  may  be  seen.  This  layer  forms  a  non-de- 
ciduous serotina.  The  surface  epithelium  of  the  area  and  the  more 
immediately  subjacent  portion  of  the  connective  tissue  are  however 
shed  along  with  the  placenta,  and  form  a  well-defined  deciduous  serotina, 
80  that,  although  the  entire  thickness  of  the  serotina  is  not  shed 
during  parturition,  yet  a  larger  proportion  falls  off  with  the  placenta 
than  in  the  bitch,  fox  and  seal. 
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The  Anatomy  of  the  Lymphatic  System,     Part  II.     The  Lung. 

By  E.  Klein.     London,  1875. 

Dr  Klein  has  now  published  the  second  part  of  his  work  on  the 
Lymphatic  System,  which  like  the  £rst  part  is  based  on  researches 
undertaken  for  the  Medical  Department  of  the  Privy  Council.  In 
the  first  chapter  he  describe:^  the  endothelium  of  the  pulmonary 
pleura,  and  points  out  that  during  ins[>iration  the  endothelial  cells 
are  flattened,  because  the  lung  is  then  distended,  whilst  during  expi- 
ration, when  the  lung  occupies  a  much  smaller  volume,  the  cells 
are  polyhedral  or  even  columnar,  and  their  contents  are  distinctly 
granular.  The  endothelium  of  the  pulmonary  pleura  rests  on  con- 
nective tissue,  which  contains  elastic  fibres  and  cellular  elements. 
The  groups  of  bundles  of  fine  connective-tissue  fibres  are  separated  by 
spaces,  which  contain  flattened  connective-tissue  corpuscles  and  cor- 
respond to  the  lymph-canalicular  system  of  other  serous  membranes. 
The  connective  tissue  of  the  pleura  is  continuous  with  the  septa  that 
separate  the  groups  of  the  superficial  alveoli  of  the  lung.  In  guinea- 
pigs  bundles  of  unstriped  muscular  fibres  form  a  distinct  coat  beneath 
the  proper  connective  tissue  of  the  pleura ;  these  bundles  are  more 
widely  separated  in  inspiration  than  in  expiration.  A  network  of 
superficial  lymphatics  lies  in  the  grooves  between  the  lobules.  Their 
wall  is  formed  of  a  single  layer  of  elongated  endothelial  plates,  and 
some  of  the  branches  have  lateral  blind  dilatations.  The  sub-pleural 
lymphatics  are  continuous  with  a  deeper  lymphatic  network.  He 
believes  that  there  is  satisfactory  evidence  of  their  communication 
with  the  pleural  cavity  through  stomata  amrmg  the  endothelium. 
These  stomata  are,  he  believes,  opened  widely  during  inspiration ;  the 
lymph-vessels  and  inter- muscular  spaces  become  distended,  so  that 
the  lymph- system  is  filled.  During  expiration  again  they  become 
compressed.  A  network  of  lymphatic  vessels  lies  in  the  connective- 
tissue  adventitia  of  the  bronchial  tubes.  These  Dr  Klein  calls  peri- 
hronchial  lymphatics.  Spherical,  oblong,  or  even  cord-like  accumu- 
lations of  adenoid  tissue  are  situated  in  the  wall  of  the  lymphatic 
which  lies  next  the  bronchus,  which  resemble  those  previously  de- 
scribed by  the  author  (Part  I.)  as  peri-lymphangeal  follicles^  and  are 
analogous  to  the  lymph-follicles  found  in  other  mucous  membranes. 
The  peri-bronchial  lymphatics  receive  rootlets  from  the  inner  layers 
of  the  bronchial  wall,  which  rootlets  are  as  a  rule  merely  lymph- 
spaces,  i.  e,  inter-fascicular  ppaces  between  the  bundles  of  the  con- 
nective-tissue matrix.  He  describes  nucleated  cells,  apparently 
bi'anched,  between  the  epithelial  cells  of  the  bronchial  mucosa,  and 
he  regards  them  as  inter-epithelial  connective-tissue  corpuscles  similar 
to  the  cells  described  by  Mr  H.  Watney  in  the  alimentary  mucosa. 
A  system  of  perivascular  lymphatics  is  described  accompanying  the 
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pulmonary  artery  and  vein  with  their  branches,  which  are  in  some 
parts  replaced  by  a  system  of  lymph-spaces  between  the  connective- 
tissue  fasciculi,  lined  by  connective-tissue  corpuscles,  arranged  like  a 
true  endothelium.  Dr  Klein  then  describes  various  pathological 
changes  of  the  lymphatic  system  of  the  lungs.  The  volume  is  beauti- 
fully illustrated  with  six  large  plates,  provided  by  the  scientific  grant 
committee  of  the  Royal  Society. 


Traith  Technique  cTIIistologie.     Par  L.  Ranvier.     Fasciculi  1 — 3. 

Paris,  1875. 

AjcoNOsr  living  histologista  no  one  stands  in  more  estimation  than 
M.  Ranvier,  both  from  his  ingenuity  in  devising  new  methods  of 
research,,  and  from  his  acuteness  in  interpreting  the  appearances  pro- 
duced on  the  tissues  by  the  several  agents  he  employs.  The  publi- 
cation of  a  systematic  Treatise  on  Histology  by  so  accomplished  an 
observer  is  therefore  an  event  of  some  importance  and  interest.  The 
fasciculi  already  published  form  a  large  octavo  volume  of  480  pages. 
The  first  book  contains  an  account  of  the  instniments,  reagents,  and 
general  methods  employed.  In  the  second  book  the  simple  tissues 
are  described  and  illustrated  by  numerous  wood-cuts.  The  description 
comprises  an.  account  o£  the  corpuscles  of  the  lymph  and  blood  ;  the 
endothelium  and  epithelium ;  the  cartilaginous,  osseous,  and  connec- 
tive tissues)  and  the  commeneement  of  the  chapter  on  tJie  muscular 
tissue; 


Jahre^>erichte  fiber  die  ForUchritte  der  Anatomie  und  Physiologies 
herausgegeben  von  Prof.  Hoehakk  und  Prof.  Schwalbe.    Leipzig. 

WHEif  in.the  year  1872  Professors  EGenle  and  Meissner  of  Gbttingen 
diseontinoed  the  publication  of  their  annual  Report  on  the  Progress 
of  Anatomy  and  Physiology,  which  for  so  many  years  had  been 
highly  esteemed  by  students  of  those  sciences,  the  need  was  felt  in 
Germany  of  supplying  its  place  by  a  new  annual  record  of  their  pro- 
gress. The  well-known  hoube  of  Yogel  of  Leipzig  has  accordingly 
undertaken  the  publication  of  the  Jihresbenchte^  and  the  labour  oi 
editing  has  been  entrusted  to  Prof.  Hofmann  of  Leipzig  and  Prof. 
Schwalbe  of  Jena.  These  gentiemen  have  associated  with  them 
several  eminent  investigators,,  not  only  in  Geimany,  but  in  Switzer- 
land, Bohemia,  Poland,  Denmark  and  Sweden,  so  that  arraogepients 
have  been  made  for  furnishing  an  extended  analysis  of  the  results 
of  research  in  both  anatomical  and  physiological  science.  Three 
volumes  of  Reports  are  now  before  us,  giving  an  analysis  of  the 
numerous  memoirs  published  during  the  years  1872,  1873,  1874. 
Not  only  is  the  literary  part  of  each  volume  carefully  and  methodi- 
cally executed,  but  it  is  printed  on  good  paper  in  a  clear  and  readable 
type.  We  cordially  recommend  the  Reports  to  all  who  take  an 
interest  in  the  literature  of  these  sciences. 
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LeMmch  der  Vergl&ichenden  Anatamie,  Ton  Dr  A.  Nuhn.     Erfiien 

Theil.  Heidelberg,  1875. 

Professor  Nuhn,  of  the  University  of  Heidelberg,  bas  published 
the  first  part  of  a  new  work  on  Comparative  Anatomy,  in  which  he 
describes  the  modifications  in  the  form  and  arrangement  of  the 
digestive,  respiratory,  circulatory,  urinary  and  generative  organs  in 
both  the  Yertebrata  and  Invertebrata.  The  descriptions,  though 
brief,  are  pointed,  and  bring  out  the  salient  features  of  structure. 
The  part  is  profusely  illustrated  with  n\imerous  well-executed  wood- 
cuts, many  of  which  give  diagrammatic  representations  of  the  objects, 
which  will  be  found  of  service  not  only  by  the  student  but  the  teacher. 


Legons  sur  la  Phyaiologie  et  VAnatomie  Comparee  de  V Homme  ei  de$ 
Animaux,  Par  H.  Milne  Edwards.  Part  IL  Vol.  XI. 
Paris,  1875. 

This  part  of  Professor  Milne  Edwards's  most  comprehensive  Treatise 
contains  the  conclusion  of  his  description  of  the  anatomy  of  the 
Nervous  System  in  the  Yertebrata.  Also  four  lectures  on  its  phy- 
siology, in  which  he  treats  not  only  of  sensation  in  general,  but 
specially  the  senses  of  touch,  taste,  and  smell  in  the  animal  kingdom. 


Lectures  a/nd  Esaays  on  the  Science  and  Practice  of  Sv/rgery,  By 
Robert  Macdonnell,  M.D.,  F.H.S.,  Surgeon  to  Steevens' 
Hospital,  Dublin.  Part  II.  The  Physiology  and  Pathology 
of  the  Spinal  Cord.     Fannin  and  Co.,  Dublin. 

Dr  Kobert  Macdonnell  is  one  of  the  few  practical  surgeons  who 
not  only  keeps  himself  au  con/rant  with  modem  physiological  research 
and  makes  contribution  to  it,  but  also  applies  the  knowledge  derived 
from  it  to  the  investigation  of  disease,  as  is  evinced  by  the  interesting 
'Lectures  and  Essays'  before  us.  In  them  he  gives  a  succinct  account 
of  recent  views  on  the  Physiology  of  the  Spinal  Cord,  the  effect  of 
nervous  influence  on  the  circulation,  and  the  contraction  of  muscle, 
and  draws  from  them  explanations  of  various  clinical  phenomena, 
such  as  metastasis  of  disease,  sympathetic  irritation,  &o.  He  also 
gives  the  following  ingenious  *  New  Theory  of  Nervous  Action '  to 
explain  the  phenomena  of  varied  impressions  of  temperature,  pain, 
tickling,  &c.,  being  transmitted  by  the  same  channel  instead  of  by 
different  kinds  of  nerve-fibres,  as  has  been  supposed  by  Brown- 
S6quard  and  others. 

'*  I  conceive  that  the  various  peripheral  expansions  of  sensitive 
nerves  take  up  undulations  or  vibrations,  and  convert  them  into 
waves  capable  of  being  propagated  along  nervous  tissue  (neurility,  as 
it  has  been  well  named  by  Lewes).  Thus  the  same  nerve-tubule 
may  be  able  to  transmit  along  it  vibrations  differing  in  character, 
and  hence  giving  rise  to  different  sensations ;  and  consequently  the 
same  nerve-tubule  may,  in  its  normal  condition,  transmit  the  wave 
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which  produces  the  idea  of  simple  contact^  or  .that  which  prodaces 
the  idea  of  heat ;  or,  again,  the  same  nerve-tubnles  in  the  optic  nerve 
which  propagate  the  undulations  of  red  may  also  propagate,  in  normal 
vision,  those  which  excite  the  idea  of  yellow  cr  blue,  and  so  for  the 
other  senses/' 


EUmmta  of  Physiology.  By  D.  L.  Hermann,  Professor  of  Physiology 
in  the  Univergity  of  Zurich.  Translated  from  the  Grerman  by 
Arthur  Gamgee,  M.D.,  F.R.S.,  Professor  of  Physiology  in  the 
Owens  C!ollege,  Manchester.     London  :  Smith  and  Elder. 

This  excellent  translation  by  an  accomplished  Physiologist  of  the 
best  systematic  treatise  on  Physiology  which  has  recently  appeared 
in  Germany  will  prove  a  great  boon  to  English  students,  and,  we 
doubt  not,  will  be  freely  used  by  them. 


QuaifCs  Elements  of  Anatomy.  Edited  by  Dr  Sharps y.  Professor 
Allen  Thoubon  and  Edward  Albert  Schafer.  Eighth 
Edition.     Yol.  I.     London :  Longmans. 

This  volume,  containing  the  descriptive  anatomy  of  the  bones,  joints, 
muscles,  vessels  and  nerves,  has  been  edited  by  Professor  Thomson, 
and  bears  the  evidence  of  his  wide  reading  and  good  judgment.  With 
so  eminent  an  editor  it  is  no  wonder  that  the  work  holds  its  rank  as 
the  best  handbook  of  descnptive  anatomy  in  the  language. 


The  Student's  Guide  to  Human  Osteology.  By  W.  W.  Waostappe, 
Assistant  Surgeon  to  and  Lecturer  at  St  Thomas's  Hospital. 
London :  Churchill. 

We  are  glad^  to  welcome  a  book  which  makes  some  attempt  to  set 
forth  the  mechanical  features  of  the  skeleton.  To  this  subject  Mr 
Wagstaffe  has  already  shewn  that  he  has  paid  attention,  and  we 
tiiist  that  this  effort  ''to  interest  the  student  in  the  mechanical 
wonders  of  his  framework"  will  prove  as  successful  as  it  deserves 
to  ba 


NcuveauM  Elements  de  Physiologie  JTumaine.  Tkr  H.  Beaunis. 
Professeur  de  Physiologie  de  la  Faculty  de  M6decine  de  Paris. 
8vo.  p.  1140.     Paris.     J.  B.  Bailli^re. 

M.  Beaunis  has  in  this  book  professedly  broken  through  the  custom- 
ary methods  of  writing  physiological  treatises ;  it  is  mainly  devoted 
to  general  physiology ;  but  whilst  histology  is  almost  entirely  neg- 
lected, there  are  short  abstracts  of  other  subjects  connected  with 
physiology  though  not  usually  included  in  works  on  the  subject,  such 
as  The  Correlation  of  Forces,  The  Characteristics  of  living  bodies, 
and  The  Origin  of  Species.     The  attempt  at  comprehensiveness  has 
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led  M.  Beaunis  to  give  a  description  of  a  physiological  laboratory,  and 
at  the  beginning  of  each  chapter  a  description  of  the  apparatus  and 
experiments  especially  belonging  to  the  text  of  the  chapter.  This  is 
certainly  a  mi^ke;  for  the  accounts  are  too  concise  to  be  of  any 
practical  value  to  a  beginner,  and  the  advanced  student  would  not 
need  them.  The  chemical  properties  of  the  tissues  and  their  pro- 
ducts are  separated  from  the  physiology,  and  are  collected  together,  as 
they  deserve  to  be,  in  a  special  chapter. 

The  main  part  of  the  book  is  however  on  general  physiology,  and 
here  M.  Beaunis  has  in  many  cases  brought  the  subject,  in  outline  at 
least,  up  to  the  present  day ;  but  there  are  some  curious  instances  to 
the  contrary.  Thus  in  the  article  on  the  coagulation  of  the  blood, 
although  several  theories  are  discussed,  deserving  only  to  be  forgotten, 
yet  the  experiments  of  Alexander  Schmidt  are  not  even  mentioned. 

There  is  one  character  of  the  older  text-books  which  might  well 
have  been  omitted,  viz.  that  of  giving  at  intervals  certain  lists  and 
statistics  of  little  physiological  value,  as  for  instance,  the  percentage  of 
alcohol  in  the  various  French  light  wines ;  but  as  a  make- weighs  to 
this,  at  the  end  of  each  chapter  references  are  given  to  the  original 
memoirs  of  the  subject  of  the  chapter. 

Although  one  can  without  much  difficulty  find  points  to  object  to 
in  this  book  of  M.  Beaunis,  yet  on  the  whole  it  is  likely  to  prove  of 
considerable  value  to  physiological  students. 

J.  N.  L. 


REPORT  ON  THE  PROGRESS   OF   ANATOMY'.     By  Prof. 
TuRNEK  and  D.  J.  Cunningham,  M.B.,  CM. 

Osseous  System. — Emil  Rosenberg  (Morphologisclies  Jahrlmch, 
1875,  83)  writes  on  the  Development  of  the  Yertebbal  Column 
and  the  Os  Centralb  Carpi  in  Man.  This  memoir  occupies  the 
greater  part  (115  pages)  of  the  nev  Morphological  Journal,  edited 
by  Gegenbaur.  The  object  of  the  author  is  to  see  what  evidence 
may  be  found  in.  the  development  of  the  spine  and  carpus,  of  the 
descent  of  man,  along  with  other  Primates,  from  a  common  stock. 
The  investigation  into  the  development  of  the  spine  is  of  an  elaborate 
nature,  and  should  be  read  by  all  who  may  be  working  at  this 
intei*e8ting  subject.  From  it  he  concludes  that  the  existing  dorsal 
vertebrae  in  man  are  to  be  regarded  as  the  most  conservative  section 
of  the  spine ;  the  20th  to  the  24:th  vertebno  have  undergone  a 
transformation  into  lumbar  vertebrae  j  the  25th  to  the  29th  vertebrae 
have  passed  through  a  second  transformation,  and  become  sacral 
vertebrae;  whilst  the  30th  to  the  35th  have  gone  through  a  third 

metamorphosis,  and  become  caudal  vertebrae. W.   Gruber  records 

the  following  Yarieties  in  Bones  {Reichert  u,  du  JBois-JReymond's 
Archivy  1875) :  a  case  in  which  the  lateral  tuberosity  of  the  tarsal 
end  of  the  5th  metatarsal  was  a  distinct  epiphysis;  also  a  case  in 
which  the  anterior  tuberosity/  of  the  trapezium  formed  a  distinct 
epiphjrsis;  also  on  p.  194,  an  additional  case  to  those  previously 
recorded J^Report,  viii.  159)  of  a  malar  bone  divided  into  two  parts: 
also  in  Vircliotd's  Archiv,  LXiii.  the  following:  an  os  triquetrum  in 
the  anterior  fontanelU;  enormously  deep  ybwcB  TnaocUla/res ;  ossifl^xt- 
tions  in  the  wall  of  a  subcutaneous  trochanteric  bursa,  in  the  external 
intermuscular  ligament  of  the  femui*,  in  the  fibrillar  head  of  the 
soleus;  also  an  unusual  canal  for  a  deep  temporal  arteiy  arising 
from  the  middle  meningeal  artery;  and  in  Virchovfs  Arc/iiv,  Lxv. 
the  following  cases:  an  enormously  wide  canalis  mastoideus;  a 
crista  galli  containing  a  cavity;  an  articulation  between  the  shafts 
of  the  1st  and  2nd  ribs;  a  costal  cartilage  giving  off  a  branch 
latei*ally;  an  exostosis  in  the  sigmoid  sulcus  of  the  mastoid  process, 

and  an  exostosis  in  the  external  auditory  meatus. H.  von  Jhering 

enquires  {Reichert  u,  du  Bois-ReymomTs  Archivy  1875)  into  the 
Temporal  Ridge  on  the  side  of  the  Skull.  As  a  rule,  he  says,  it  is 
a  double  line;  the  lower  division  corresponds  to  the  border  of  origin 
of  the  temporal  muscle,  the  upper  to  the  attachment  of  the  temporal 

fascia. C.  Aeby  investigates  the  occurrence  of  Sesamoid  Bones 

IN  the  Human  Hand  {Reichert  u,  du  Bois-Reymcmd's  Arofiiv,  1875) 
with  reference  to  their  occurrence  in  other  digits  than  the  thumb. 
Of  seventy-one  extremities  examined  he  found  a  single  sesamoid 
present  in  the  index  in  thirty  cases,  in  the  little  finger  in  fifty  cases, 

^  To  assist  in  preparing  the  Report  Professor  Turner  will  be  glad  to  receive 
separate  eopies  of  original  memoirs  and  other  contributions  to  Anatomy. 
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whilst  in  twenty  they  were  absent   from  both  fingers. W.  W. 

Wagstaffe  (St  Thomas's  Hospital  Reports)  describes  the  mechanical 
structure  of  the  Cancellous  Tissue  of  Bone — and  endeavours  to 
bhew  that  this  has  a  definite  arrangement  insuring  the  greatest 
strength  and  elasticity  along  the  lines  of  greatest  pressure.  He 
states  that  if  an  antero-posterior  vertical  section  be  made  through 
the  body  of  a  vertebra,  the  osseous  columns,  or  lamellae^  are  seen 
to  be  arranged  both  vertically  and  horizontally.  In  both  cases  they 
are  curved — the  concavity  of  the  vertical  columns  being  directed 
towai'ds  the  centre  of  the  body,  whilst  that  of  the  horizontal  columns 
is  turned  towards  its  upper  and  lower  surfaces*  The  curve,  whilst 
it  adds  to  their  elasticity,  does  not  detract  from  the  strength  of  the 
columns.  A  similar  section  through  the  lamina  shews  a  series  of 
curves  springing  from  the  lower  edge  and  radiating  into  the  body 
and  articular  process,  where  they  terminate  at  right-angles  to  the 
surface  of  pressure.  A  horizontal  section  of  a  vertebra  shews  a 
series  of  diverging  fibres  springing  from  the  walls  of  the  pedicles, 
and  arching  into  the  body,  where  a  definite  arrangement  is  difficult 
to  make  out  In  the  dorsal  transverse  processes,  the  fibres  spring 
from  the  posterior  wall  at  the  root,  and  diverging,  end  pei'pendicularly 
to  the  articular  smface.  In  a  vertical  section  made  from  one  side 
of  the  sacrum  to  the  other,  he  describes  five  sets  of  fibres.  (1)  A 
more  or  less  vertically  directed  set,  slightly  ciirved,  and  having  their 
concavities  turned  towards  the  middle  line.  (2)  A  set  springing 
from  the  upper  surface  and  passing  obliquely  outwards  to  the  iliac 
articulation — ^their  curve  increasing  as  they  pass  downwards  from 
the  first  foramen  until  they  run  nearly  vertically  to  the  second 
foramen.  (3)  A  set  passing  down  from  the  second  foramen,  and 
ending  partly  upon  the  outer  and  partly  upon  the  lower  surfaces, 
(4)  A  set  at  first  parallel  with  the  iliac  surface,  and  curving  inwards 
below.  (5)  A  small  set  running  from  the  lower  part  of  the  iliac 
surface,  and  passing  inwards  in  a  diverging  manner.  A  vertical 
section  through  the  glenoid  cavity  of  the  scaptda  shews  one  set  of 
fibres  springing  from  the  articular  surface  at  right-angles,  and  then 
diverging  with  their  concavities  directed  downwards.  Another  series 
crosses  these,  having  their  concavities  directed  towards  the  articular 
siirface.  He  next  describes  the  arrangement  of  the  osseous  lamellaB 
in  the  head  of  the  humerus.  The  fibres  take  their  origin  from  the 
walls  of  the  surgical  neck.  Those  from  the  inner  side  are  arranged 
in  two  series,  one  of  which  curves  outwards,  interlacing  with  a 
similar  set  springing  from  the  outer  wall,  and  forming  with  them  a 
number  of  gothic  arches.  The  other  fibres  springing  from  the 
inner  wall  curve  towards  the  articular  surface,  where  they  end  at 
right-angles  to  it.  Of  the  fibres  springing  from  the  outer  wall,  some, 
as  we  have  seen,  go  to  form  the  arches,  others  curve  vertically  up- 
wards to  end  perpendiculariy  to  the  upper  surface  of  the  great 
tuberosity.  In  the  lower  extremity  of  the  humerus,  the  fibres  curve 
from  the  walls  of  the  shaft  to  the  opposite  side,  their  concavities 
being  directed  towards  the  centre  of  the  bone,  and  thus  a  series  of 
inverted   arches  is  formed.     The   mass  of  the  cancellous  tissue  is 
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composed  of  columns  running  down  from  the  shaft  with  their  con- 
cavities directed  towards  the  middle  line,  and  finally  ending  at  right- 
angles  to  the  articular  surface.  A  set  is  also  visible  running  parallel 
to  the  articular  surface.  He  describes  in  detail  the  structure  of  the 
cancellous  tissue  of  all  the  other  bones  of  the  upper  extremity, 
which,  generally  speaking,  he  states  to  be  composed  of  diverging  and 
curving  columns,  some  of  which  end  at  right-angles  to  the  articular 
surfaces,  whilst  others  curve  obliquely  across  the  bone,  forming  in 
many  cases  a  series  of  arches,  the  convexities  of  which  are  directed 
towards  the  extremities.  He  then  passes  to  the  bones  of  the  lower 
extremity,  and  deals  with  them  with  equal  minuteness.  The  same 
principles  are  exhibited  here  as  in  the  bones  of  the  upper  extremity. 
In  the  neck  and  head  of  the  femur,  fibres  spring  from  the  inner  and 
outer  walls  of  the  shaft,  and  interlace  with  each  other  so  as  to  form 
arches.  The  uppermost  fibres  from  the  inner  wall  run  into  the 
head,  where  t^iey  end  at  right-angles  to  the  articular  surface.  The 
intermediate  fibres  from  the  inner  wall,  less  definite  in  form,  consti- 
tute the  cancellous  tissue  of  the  neck.  The  second  series  of  fibres 
from  the  outer  wall  strengthen  the  upper  end  of  the  shaft,  but  some 
can  be  traced  into  the  head,  where  they  are  parallel  to  the  articular 
surface.  The  fibres  which  run  into  the  great  trochanter  are  very 
indefinite. Renaut  {Arch,  de  Phys,  Aug.  et  Sept.  1875)  con- 
tributes a  long  article  upon  The  Elastic  Tissue  of  Bones.  In  this 
he  first  establishes  the  presence  of  this  tissue  in  a  particular  peripheral 
zone  of  the  bone,  and  points  out  that  the  long  bones  of  birds  aj*e 
the  best  to  use  for  this  purpose.  In  the  second  part  of  the  article 
he  describes  the  regular  distribution  of  this  tissue  in  the  long  bones 
of  birds,  and  he  then  concludes  by  endeavouring  to  determine  the 
origin  and  the  morphological  significance  of  the  elastic  networks  in 
the  midst  of  the  osseous  tissue. 

Muscular  and  Articulatory  Systems. — K.  Bardeleben  records 
{Centralblattf  No.  27, 1875)  observations  on  the  MuscuLUS  Sternalib. 
From  an  anlysis  of  the  numerous  cases  described  by  authors  he  con- 
cludes that  it  cannot  be  considered  as  a  true  homologue  of  the  pan- 

niculus  carnosus. C.  Gegenbaur  (Morphologisches  Jahrhuch,  1875, 

243)  disciLsses  the  Omo-hyoid  Muscle  and  its  clavicular  attach- 
ment. His  conclusions  are  that  the  omo-hyoid  belongs  to  the  group 
of  muscles  which  are  also  represented  in  man  by  the  stemo-hyoid 
and  thyroid :  in  lower  animals  the  origin  of  this  group  of  muscles 
extends  continuously  from  the  region  of  the  sternum  along  the  clavicle, 
and  is  continue^  on  to  the  scapida :  through  a  splitting  up  into  dis- 
tinct portions  the  sterno-cleido-  and  omo-hyoideus  arise  as  distinct 
muscles :  the  most  frequent  variety  of  the  omo-hyoid  is  an  attachment 
to  the  clavicle :  the  fascia  fixing  the  omo-hyoid  to  the  clavicle  is  a 
return  to  the  cleido-hyoid  muscle. H.  Welcker  considers  the  move- 
ments of  Pronation  and  Supination  of  the  Fore-arm  {Eeichert  u. 
du  Bois  Reymond's  Archiv,  1875),  also  the  connections  and  use  of 
the  ilio-tibial  band  of  the  fascia  lata  or  **  tractus  ileo-tibialis "  as  he 
calls  it.— *— Welcker  also  communicates  to  His  and  Braune's  new 
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Zeit8chri/l  fur  AncUomie  und  Bntioicklungsgesckicktey  Leipzig,  1875, 
41,  an  essay  on  the  Hip-Joint  and  Shoulder-Joint.  He  describes 
the  capsular  ligament  of  the  hip  as  containing  four  longitudinal  bands 
of  fibres:  a,  a  superior  Ueo-femoral  hand  at  the  upper  and  outer  part 
of  the  capsule ;  h,  an  anterior  Heo-fkmoral  hand  from  the  anterior 
inferior  iliac  ^pine  to  the  lower  end  of  the  anterior  inter- trochanteric 
line ;  c,  a  puho-feinoral  hand  from  the  pecten  of  the  pubes  to  the 
lower  end  of  the  anterior  inter-trochanteric  line ;  d^  an  ischio-femoral 
hand,  which  extends  from  the  groove  in  the  ischium,  through  which 
the  tendon  of  the  obturator  externus  passes,  horizontally  outwards  to 
the  digital  fossa  of  the  gi-eat  tix)chanter :  a  limits  extension,  external 
rotation  and  abduction ;  h  limits  extension ;  c  limits  abduction ;  d 
limits  rotation  inwards.  He  agrees  essentially  with  Henle  in  de- 
scribing the  zona  orhicularis  of  the  capsule  as  a  fibrous  ring- like 
arrangement  not  directly  attached  to  the  bones,  but  only  through  its 
blending  with  the  longitudinal  fibres  of  the  capsule;  it  is  thinnest 
behind  and  below  and  acts  as  an  orbicular  ligament.  He  thinks  it 
very  improbable  that  the  lig.  teres  limits  the  movements  of  the  joint  as 
long  as  the  capsule  of  the  joint  is  intact;  neither  does  he  consider  it  to 
be  of  importance  in  conveying  blood-vessels  to  the  head  of  the  femur, 
but  believes  that  its  object  is  to  promote  the  circulation  of  the  synovia 
over  the  articular  surfaces  during  the  movements  of  the  joint  In 
the  shoulder-joint  the  tendon  of  the  biceps  has,  he  considers,  the 
same  function,  and  in  the  atlo-odontoid,  knee  and  other  joints,  arrange- 
ments exist  which  have  the  same  object.  He  describes  the  coraco- 
humeral  ligament  of  the  shoulder-joint  as  consisting  of  two  bands,  an 
anterior  and  a  posterior,  between  which  is  a  recess  for  the  lodgement 
of  the  synovia,  and  he  regards  the  lig.  teres  as  a  further  development 

in   the  hip-joint  of  the  anterior  band   of  the   coraco-humeral. 

Hesse  by  means  of  sections  (His  and  JBraune's  Zeitsch,  fur  Anat  u. 
JEntunck,  1875,  80),  made  transversely,  longitudinally,  and  parallel 
to  the  surface,  studies  the  arrangement  of  the  Muscles  of  the 
Human  Tongue.     In  the  same  Zeitsckrift,  107,  W.  Henke  describes 

the  Muscles  of  the  upper  and  loweb  Lips. W.  Gruber  records 

(Beichert  u,  du  Bois  Beymonds  Archiv,  1875)  the  following  Muscular 
variations  :  a  musculus  pisoha/matus  from  the  unciform  .to  the  pisi* 
form ;  four  cases  of  m.  ext.  digt.  com.  manus  with  five  tendons  to  all 
the  fingers ;  a  cajse  of  m.  ext  digit,  longv^  pedis  with  five  tendons  to 
all  the  toes ;  a  case  in  which  the  m,  flexor  poUicis  longus  acted  as  a 
tensor  bursas  tendinum,  or  as  a  head  of  the  fiexor  profundus  digi- 

torum. W.  Gruber  also  records  in   Virchow*8  Archiv.  Lxv.  two 

additional  cases  of  rudimentary  external  ohlique  muscles;  a  m.  scaptdo- 
clavicrdaris ;    a  new  case   of  m.    tensor  semivagince  artictdationis 

humero-seapuIoHs ;  a  case  of  m,  ext.  digiti  sec.  pedis  longus. E. 

Meyer  makes  some  observations  [Beichert  u.  du  Bois  Beymonds 
Archiv.  1875,  217)  on  pale  and  dark-coloured  transversely- 
striped    Muscles. W.    W.    Keen  (Trans.   CoU.   Fhys.    Phila. 

1875)  gives  the  results  of  some  Experiments  on  the  Muscles  of 
Respiration  and  Laryngeal  Nerves  in  a  criminal  executed  by 
hanging.     He  states  that  after  the  body  had  been  suspended  for  half 
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an  hour  it  was  cut  down,  and  the  left  yagus  and  recurrent  laryngeal 
nerves  dissected  out  as  low  down  in  the  neck  as  possible.  A  small 
piece  of  indisr-rubber  cloth  was  then  introduced  beneath  each  as  an 
insulator,  and  an  opening  made  between  the  thyroid  cartilage  and 
hyoid  bone  so  as  to  admit  the  mirror  for  the  purpose  of  examining 
the  effect  produced  upon  the  vocal  cords  by  stimulation  of  the  nerves. 
He  found  that  repeated  faradization  and  galvanization  both  weak 
and  strong  of  the  recurrent  and  vagus  produced  marked  movements 
of  the  left  cord  only.  From  this  he  concludes  that  no  chiasma  of  the 
inferior  laryngeal  nerves  exists.  In  less  than  two  hours  after  death 
he  dissected  out  and  insulated  the  phrenic  nerve,  but  neither  the 
constant  nor  interrupted  current  applied  to  this  produced  the  slightest 
change  in  the  cajmcity  of  the  chest.  Lastly,  he  proceeded  to  apply 
stimuli  to  the  intercostal  muscles.  The  interrupted  current  applied 
to  the  inter-oartilaginous  portions  of  the  internal  intercostals  produced 
an  elevation  of  the  cartilage  below  them.  When  the  external  inter- 
costals were  faradized  the  upper  rib  was  pulled  down  very  markedly, 
whilst  the  lower  was  perceptibly  raised.  The  depression  of  the 
first  rib  was  but  slight,  but  as  each  external  intercostal  was  stimulated 
in  turn  it  became  more  and  more  decided  from  the  first  downwards. 
He  now  reflected  and  removed  the  external  intercostals,  and  fara- 
dized the  internal  muscle  from  between  the  cartilages  to  the  axillary 
line,  and  this  was  followed  by  depression  of  the  upper  rib  and  a 
marked  elevation  of  the  lower  rib.  He  concludes  therefore  that  the 
internal  are  inspirators  and  the  external  expirators. 

Nervous  System. — J.  Marshall  gives  {Proc.  Roy,  Soc,  L<mdon, 
June  17,  1875)  a  pi^eliminary  note  on  the  propobtions  of  the  several 
Lobes  of  the  Cerebrum  in  Man  and  some  higher  Yertebrata,  with  an 
attempt  to  explain  some  of  the  Asymmetry  of  the  Cerebral  Con- 
volutions IN  Man  I  also  a  note  on  the  influence  of  Stature  on  the 
WEIGHT  OF  THE  Encbphalon.  He  has  been  led  to  believe  that  some 
of  the  asymmetry  is  due  to  the  right-handedness  of  Man,  and  that 
the  immediate  neighbourhood  of  the  left  fissure  of  Bolando  and  the 
right  parietal  lobule  furnish  stronger  evidences  of  essential  as  dis- 
tinguished from  non-essential  asymmetry.  He  analysed  Dr  Boyd's 
Tables,  and  found  that  the  total  increase  in  the  weight  of  the  ence- 
phalon  is  in  the  male  2}  oz.  with  a  mean  range  of  7  inches  between 
the  tallest  and  shortest  individuals;  and  in  the  female  1^  oz.  with  a 
mean  range  of  6  inches.  The  cerebrum  increases  more  than  the 
cei'ebellum.  The  increase  in  the  weight  of  the  encephalon  is  not 
pari  passu  with  the  stature  ;  on  the  contrary  there  is  a  gradual  and 
progressive  relative  diminution  in  the  proportion  of  encephalon  to 
the  stature  as  the  latter  itself  increases.  Hence  shorter  persons  of 
either  sex  have  proportionately  to  their  height  a  larger  amount  of 
brain  than  taller  persons,  and  the  proportion  is  larger  in  the  male 
than  the  female,  bearing  out  the  well-known  sexual  difference  that 
the  weight  of  the  male  brain  overrides  the  influence  of  stature,  which 

has  a  tendency  to  diminish  his  proportionate  amount  of  brain. ^A 

report  on  the  Brain  and  Skull,  in  cases  of  Microcephalic  Idiocy,  by 
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W.  W.  Lrelaud,  ia  in  Edinb,  Med,  Jour.  August  to  October,  1875. 
The  cases  are  described  in  Eivista  Clinica  di  Boloffna  bj  Lombroso 

and  Yalenti. Ad.  Panscli  communicates   {CentralblaUf  No.  38, 

1875)  observations  on  the  corbebpondino  beoioks  in  the  Cerebruh 
of  the  Friicates  and  Carnivoba.  He  considers  that  he  has  established 
three  primary  fissures  on  the  outer  surface  of  the  cerebrum  of  all 
mammals  with  convoluted  brains.  In  the  Primates  they  lie  radially 
above  the  Sylvian  fissure,  but  in  other  mammals  the  first  or  most 
anterior  is  mot^  vertical,  whilst  the  second  and  third  have  a  sagittal 
direction ;  the  convexity  of  the  first  is  directed  forwards,  that  of  the 
others  upwards.  The  first  primary  fissure  is  the  prcecentral  of  Ecker 
in  the  FrimcUes,  the  vordere  Bogenfurche  in  the  dog;  the  second 
primary  fissure  is  that  of  Rolando  in  the  FrimeUeSy  the  obere  Bogen- 
furche in  the  dog ;  the  third  primary  fissure  is  the  intraparietcU  of 
Turner  in  the  FrimcUes,  the  anterior  part  of  the  miUlere  Bogenfurche 

in  the  dog. D.   N.    Knox   {Glasgow  Med,  Jour,  April,    1875) 

records  a  case  of  Defective  Corpus  Callosvh  in  the  brain  of  a 
female  idiot.  He  states  that  when  this  brain  was  placed  upon  its 
base,  after  being  stripped  of  its  membranes,  the  hemispheres  fell 
outwards,  shewing  no  appearance  of  the  corpus  callosum  and  fornix, 
and  exposing  the  floor  of  the  lateral  ventricles.  These  cavities  were 
small — about  4f  in. ;  the  posterior  horns  were  dilated  and  the  lining 
membrane  thickened.  The  thii*d  ventricle  measured  from  the  ante- 
rior to  the  posterior  commissure  l|in.  The  corpus  callosum,  appa- 
rently only  represented  by  a  slight  ridge,  ''began  above  the  lamina 
cinerea,  and  passed  upwards  and  backwards,  attached  to  the  side  of 
the  general  cavity  of  the  ventricle,  forming  the  upper  border  of  a 
layer  of  white  matter,  the  lower  border  of  which  was  part  of  the 
fornix."  Separating  from  the  fornix  it  ended  in  the  anterior  and 
lower  part  of  the  hippocampal  convolution.  The  fornix  was  cleft 
into  two  in  the  middle  line,  and  between  the  anterior  part  of  this  and 
the  callosal  ridge  was  the  septum  lucidum.  The  anterior  and  pos- 
terior commissui'es  were  present,  but  the  gyrus  fomicatus  was  wholly 
and  the  calloso-marginal  fissure  partially  absent.  In  consequence  of 
the  absence  of  the  former,  the  occipital  and  calcarine  fissures  passed 
independently  down  into  the  ventricular  cavity.  He  next  gives  a 
summary  of  fourteen  oases  recorded  by  various  authors,  and  from  a 
study  of  these  he  divides  them  into  two  classes  according  to  the 
anatomical  lesion.  First  those  in  which  the  corpus  callosum  is  absent 
or  very  rudimentary,  and  in  which  the  gyrus  fornicatns,  the  posterior 
commissure^  and  usuaUy  the  middle  commissure,  are  also  wanting ; 
second,  those  in  which  Uie  corpus  callosum  is  present  in  considerable 
part,  and  in  which  the  other  structures  are  also  present.  He  points 
out  that  the  most  frequent  cause  of  this  deformity  is  to  be  found  in 
dropsy  of  the  ventricles,  and  that  its  degree  is  influenced  by  the 
period  at  which  the  dropsy  supervenes.  Thus  if  it  appears  before 
the  formation  of  the  commissural  system,  the  result  is  the  total  absence 
of  the  latter;  and  if  it  appears  later,  then  the  deformity  is  less  in 

proportion  to  the  amount  of  the  corpus  callosum  developed. 

L.  Gustavo  Richelot  {Arch,  de  Fhys.,  March,  April,  1875)  describes 
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the  distribution  of  The  Collateral  Nerves  of  the  Finoebs. 
He  states  that  the  Median  supplies  the  paknar  collateral  branches 
of  the  thumb,  of  the  iudex,  of  the  middle,  and  of  half  of  the 
ring-finger.  From  these  come  off  twigs  to  the  dorsum  of  the  first 
phalanx  of  the  thumb,  and  the  collateral  dorsal  branches  of  the  index, 
middle,  and  half  the  ring-finger.  They  end  in  the  digital  pulp,  and 
give  sub-ungual  branches  with  which  the  terminal  twigs  of  the  col- 
lateral dorsals  unite.  The  Ulnar  fiimiahes,  by  its  palmar  branch, 
the  collateral  palmars  of  the  little  finger,  and  of  half  the  ring-finger, 
and  the  collateral  dorsal  of  the  same  half  of  the  same  finger.  By  its 
dorsal  branch  it  gives  off  the  collateral  dorsals  of  the  little  finger,  and 
also  twigs  to  the  first  phalanx  of  the  ring-finger,  and  of  the  middle 
finger.  As  in  the  other  fingers,  the  collateral  palmars  of  the  little 
finger  give  off  a  sub-ungual  twig  with  which  the  terminal  branch 
of  the  collateral  dorsals  unite.  The  Radial  furnishes  collateral  dor- 
sals to  the  thumb,  and  also  twigs  to  the  doi'sal  sur&ce  of  the  first 
phalanx  of  the  index  and  middle  finger.  Finally,  the  author  gives 
the  clinical  deductions  which  he  draws  from  this  arrangement  as  well 

as  from  sections  of  the  nerves  of  the  upper  extremity. ^W.  Gruber 

records  ( Virchow^a  Archiv,  lxv.)  another  variety  additional  to  those 
previously  described  by  him  in  the  arrangement  of  the  Musculo- 
cutaneous Nerve. R.  Clement  Lucas,  {Guy*s  ffoepital  Report9^ 

1875)  writes  upon  the  normal  arrangement  of  the  Brachial 
Plexus  of  Nerves.  He  begins  by  referring  to  the  unsatisfactory 
manner  in  which  this  plexus  is  described  in  our  standard  text-books 
of  Anatomy,  and  he  then  gives  the  arrangement  which  he  believes 
to  be  normal.  Out  of  thirty  consecutive  observations  the  arrange- 
ment he  describes  was  present  in  twenty-seven  cases.  He  states  that 
at  first  the  plexus  consists  of  an  upper  cord  formed  by  the  junction 
of  the  5th  and  6th  cervial  nerves,  a  middle  cord  consisting  of  the 
7th  cervical  which  runs  alone,  and  a  lower  cord  formed  by  the  junc- 
tion of  the  8th  cervical  and  the  first  dorsal.  The  upper  and  middle 
cords  next  bifurcate  into  anterior  and  posterior  divisions.  Of  these 
the  two  anterior  join  to  form  the  outer  cord,  whilst  the  two  posterior 
join  to  constitute  the  posterior  cord.  The  lower  cord  passes  down 
as  the  inner  cord,  but  in  addition  gives  a  slender  fasciculus  of  reinforce- 
ment to  the  posterior  cord.     His  paper  is  accompanied  by  a  diagram 

illustrating    this    arrangement. H.    £ichorst    wiites  (Virchow^6 

Archiv,  LXiv.)  on  the  devei/>pmemt  of  the  human  spinal  cord  and  its 

constituent  tissues. A.  Willigk  describes  and  figures  (Virchou^B 

Ardwo.  LXIV.)  some  examples  of  the  anastomosis  of  multipolar 

kerve-cells  in  the  spinal  cord. ^M.  Nesterowsky  describes  {Vir- 

chow's  Archiv.  Lxiii.)  the  arrangement  of  the  nerves  of  the  liver. 
He  figures  a  network  of  very  fine  nerve-fibres  surrounding  the  inter- 
lobular branches  of  the  portal  vein,  the  intra-lobular  of  the  hepatic, 

and  the  intrsrlobular  capillaries. J.    M^arthy,   {Qtwrt,   Joum. 

of  Micros,  Science^  Oct.  1875)  publishes  a  memoir  upon  Spinal 
Ganglia  and  Nerve- Fibres.  He  first  describes  his  method  of 
preparing  the  ganglia  for  microscopical  observation.  Hardening 
them  by  means  of  mono-cbromate  of  ammonia,  he  stains  the  sec- 
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tions  with  hsematoxjlon,  and  mounts  the  preparations  in  Canada 
bulsanu  He  states  that  the  ganglion  is  surrounded  by  a  thiok 
layer  of  connective  tissue  containing  numerous  blood-vessels,  and 
sending  processes  into  the  ganglion.  These  processes  ramify  so  as 
to  form  a  delicate  meshwork,  which  supports  the  nerve-fibres,  or 
joins  with  the  capsules  of  the  ganglion-cells.  These  cells,  very  vari-> 
able  as  regards  size,  are  arranged  in  clusters,  or  spindle-shaped  groups, 
the  long  axis  of  which  corresponds  witli  the  long  axis  of  the  ganglion. 
Each  cell  possesses  a  sharply  defined  margin  in  which  nuclei  of  con* 
nective-tissue  corpuscles  may  be  recognized.  Inside  this  is  a  layer 
of  hyaline  substance,  faintly  fibrillated  when  examined  by  a  high 
power,  and  containing  round  or  oval  nuclei  varying  greatly  in  number 
and  arrangement.  The  hsematoxylon  gives  them  a  pale  violet  hue, 
which  contrasts  markedly  with  the  deep  tint  of  the  nuclei  of  the 
connective-tissue  corpuscles.  Internally  this  hyaline  layer  has  no 
definite  boundary,  but  shades  into  a  cloudy  substance  which  in  turn 
is  continuous  with  molecular  matter  enclosing  a  large  nucleus. 
Around  the  nucleus  the  molecular  mass  appears  to  be  concentrically 
fibrillated,  whilst  outside  this  the  granules  also  seem  to  possess  more 
or  less  of  a  concentric  arrangement,  and  here  a  group  of  pigment* 
granules  is  generally  observed.  The  nucleus  consists  of  a  distinct 
membrane,  enclosing  granular  matter  and  a  nucleolus.  The  nuclei 
of  differant  cells  present  differences.  Sometimes  they  resemble  closely 
the  nuclei  of  the  hyaline  layer ;  at  other  times  they  are  vesicular  in 
appearance,  coloui'less,  and  enclose  a  shrivelled  nucleolus  like  a  pigment- 
granule.  From  this  the  author  draws  the  inference  that  the  ganglion- 
cells  are  regenerated  from  the  nucleated  hyaline  substance.  As  re* 
gards  the  nerve-fibres,  the  author  states  that  they  ]>as8  irregularly 
through  the  ganglion  so  that  a  section  cuts  some  transversely,  some 
obliquely,  and  some  longitudinally.  The  constrictions  of  Banvier 
can  be  well  studied  on  these  fibres,  and  the  nuclei  often  appear  more 
within  than  in  tho  sheath  of  Schwann.  The  medullary  dieath  has 
the  ap|)earance  of  being  formed  of  minute  rods,  radiating  from  tho 
axis-cylinder  to  the  sheath  of  Schwann,  and  arranged  differently  in 
different  fibres.  Sometimes  they  occupy  the  whole  space  between 
the  central  axis  and  the  sheath,  whilst  in  other  cases  they  are 
shortened,  and  seem  to  be  embedded  in  some  homogeneous  substance. 

CoNNBCTiVE  TissUB  AND  EPITHELIUM. — G.  B.  Ercolani  communi- 
cates {Mem,  ddP  Aecad.  delle  Scietize  di  Bologna^  1875)  a  memoir  on 

the  minute  structure  of  Tendinous  Tissue. G.  Thin  {Proc  of  th^ 

RoydL  SoCj  London,  No.  160, 1875)  gives  an  account  of  lus  investiga* 
tions  into  Taauhatic  Inflammation  of  CoNNBcnvE  Tissue.  In  addi- 
tion to  the  primary  bundles  of  fibrillary  tissue  covered  by  the  two  kinds 
of  flat  cells  and  the  stellate  cells  which  he  previously  described,  he 
now  gives  a  description  of  parallel  chains  of  spindle-cells,  each  of 
which  is  furnished  with  a  process  at  each  end  by  which  it  is  con- 
nected with  its  fellows  on  either  side.  They  have  no  continuity  with 
the  stellate  cells.  The  corneal  substance,  he  states,  is  broken  np 
by  clefts  circumscribed  by  a  double  outline  which  extend  from  tho 
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investing  epithelium  to  a  Tarjing  depth  into  the  fibrillary  tissue. 
These  he  believes  to  indicate  a  splitting  up  of  the  corneal  substance 
into  compartments  equivalent  to  the  secondary  and  tertiary  bundles 
of  tendon.     In  inflammatory  conditions  of  the  cornea,  the  clefts  be- 
come widened  out  and  their  finer  ramifications  become  visible ;  more- 
over,  their  serous  contents  show  more  abundantly  the  dark  granular 
substance  which  results  from  the  reduction  of  the  chloride  of  gold. 
The  opening  out  of  the  clefts  favours  the  action  of  this  reagent^  and 
thus  preparations  are  obtained  in  which  the  two  kinds  of  flat  cells 
disposed  after  the  manner  of  an  epithelium  can  be  recognised.    These 
cells  ai*e  easily  identified  as  those  which  can  be  isolated  ii*om  the 
healthy  cornea  by  a  warm  solution  of  caustic  potash.     He  states  that 
in  the  cauterised  cornea  of  the  frog  as  well  as  in  the  inflamed  tongue 
of  the  same  animal  isolated  portions  of  primary  bundles  can  be  seen 
lying  loose.     These  generally  have  a  constant  length,   a  uniform 
breadth,   sharply   defined  borders,   are  sometimes  puckered  trans- 
versely, or  show  a  &int  longitudinal  fibrillation,  and  are  occasionally 
cut  transversely  by  straight  hyaline   lines.      The  constituent  ele- 
ments of  the  primary  bundles  undergo  a  chemical  change  in  inflam- 
mation, as  proved  by  the  different  depths  of  tint  produced  by  gold 
staining.     The  only  effect  which  the  inflammation  produces  upon  the 
elongated  flat  cells  and  the  quadrangular  cells  previous  to  their  destruc- 
tion, is  a  segmentation  of  the  nucleus  into  one  or  more  parts.     With 
r^ard  to  the  stellate  cells,  the  author  contends  that  there  is  no 
identity  between  the  cell  and  its  processes  with  the  visible  protoplasm ; 
these  cells  may  be  compared  to  the  pigment  cells  of  Lister ;  and  the 
phenomenon  described  by  the  Grermans  as  " ZusammenbcUlen**  of  the 
oell-prooesses,  he  believes  to  be  due  to  the  aggregation  of  the  proto* 
plasmio  particles  in  the  centre  of  the  cell  similar  to  what  takes  place 
in  the  concentration  of  the  pigment  particles  in  Lister's  cells.     Osmic 
acid,  he  states,  is  the  only  reagent  by  means  of  which  he  has  been 
able  to  get  satisfactory  preparations  showing  the  stellate  cell&     Red 
aniline  further  differentiates  the  protoplasm  from  the  cell-processes, 
and  hematoxylin  brings  out  the  nuclei     Inflammation  produces  dis- 
integration of  these  cells,  but  occasionally  the  processes  may  be  seen 
to  be  represented  by  fine  darkly-stained  lines  on  which  is  a  series  of 
small  globular  swellings.     The  nuclei  and  processes  are  very  stable, 
the  former  rarely  showing  signs  of  segmentation.    Between  the  layers 
of  the  superficial  epithelium  of  the  cornea  is  a  network  of  stellate  cells, 
and  these  increase  greatly  in  size  in  inflammatory  conditions  of  the 
cornea.     The  author  next  describes  the  changes  which  the  spindle- 
cells  undergo  in  inflammation.     The  cell-protoplasm  becomes  increased 
in  amount^  and  the  processes  can  be  easily  traced.     This  swelliog  of 
the  protoplasm  next  extends  along  the  processes  from  one  cell  to 
another,  so  that  a  row  of  such  cells  comes  to  resemble  a  long  column 
of  protoplasm  with  slight  constrictions  at  intervals.     The  last  stage 
oonsists  in  the  division  of  the  nucleus  which  gives  rise  to  nuclear 
bodies  which  may  be  retained  within  the  cell,  or  partly  expelled  from 
it.     These  are  identical  with  red  blood-corpuscles.     From  this,  he 
concludes  that  in  inflammation  these  corpuscles  become  free  bodies 
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equivalent  to  red  blood-corpuscles.  Further,  he  believes  that  the 
Appearances  described  by  many  as  white  corpuscles  in  "  Spindelform/' 
are  nothing  else  than  spindle-cells  rendered  prominent  by  the  in- 
flammatory process.  White  blood-corpuscles  are  to  be  seen  in  the 
vider  spaces,  in  the  nerve-channels,  and  in  the  tracts  between  the 
larger  btmdles.  They  are  round,  or  sometimes  clavate,  and  a  few 
may  consist  of  two  globular  bodies  joined  by  a  smooth  isthmus.  In 
the  latter  case  a  nucleus  is  observed  in  each  mass,  but  not  in  the 
isthmus.  This  is  a  corpuscle  undergoing  division.  Further,  from 
his  observations,  the  author  is  of  opinion  that  red  corpuscles  are 
produced  by  the  escape  of  nuclei  from  the  white  blood-cells.  He 
lastly  explains  that  new  capillary  vessels  are  developed  in  inflamed 
tissue  in  the  same  manner  in  which  they  are  developed  in  foetal 
tissue.  The  spindle-cells  become  enlarged,  and  contain  several  nuclei 
which  are  identical  with  the  red  corpuscles  of  the  blood.  The  blood- 
plasma  passes  into  the  inter-fibrillary  space  in  which  these  cells  lie, 
and  the  nuclei  esca'pes  from  the  cells.  Lastly,  by  a  process  of  dia- 
])edesis  the  formed  elements  of  the  blood  in  the  nearest  vessels  pass 
into  this  space,  and  the  circulation  is  established.  The  fibrine  of  the 
plasma,  he  believes,  solidifies  over  the  outer  surface  of  the  current,  and 
to  this  adhere  white  corpuscles  which  in  time  constitute  an  epitheliumu 

S.   Martyn   (British  Med,   Joum.  June,  1875)  contributes  an 

article  upon  Conjoiked  Epithelium.  He  flrat  narrates  the  views 
advanced  on  this  subject  by  Max  Schultze  and  others,  and  then  gives 
the  results  of  his  own  investigations.  He  endeavours  to  prove  that 
the  appearance  of  the  prickles,  spines,  or  cell-processes,  is  altogether 
ai-tificially  produced.  What  really  exist  are  slender  bands  which,  pass- 
ing from  all  parts  of  the  cell,  connect  it  directly  with  the  adjacent  cells. 
These  communicating  bands  when  broken  across  constitute  the  prickles, 
and  further  on  the  surftice  of  the  cell-wall  they  give  rise  to  the  api)ear- 
ance  of  the  parallel  barn  or  ribs.  He  adds  a  diagram  which  illustrates 
well  the  points  he  wishes  to  prove.  He  next  theorizes  upon  the 
probable  origin  of  this  cell-stinicture,  and  states  that  in  his  opinion 
it  arises  from  the  fissiparous  multiplication  or  budding  of  cells — the 
progeny  never  completely  separating  from  the  parent  cells,  but 
remaining  joined  to  them  by  connecting  bands  which,  when  broken 
across,  constitute  the  prickles. Julius  Arnold  communicates  ob- 
servations ( Firc^ati^«  Archivy  L^iv.  203)  on  the  anatomical  relations  of 
the  CEMENT  SUBSTANCE  OF  EPITHELIUM,  and  B.  Thoma,  p.  394,  on  its 
physiological  relation**.  The  conclusion  drawn  is,  that  in  the  epithe- 
lial covering  of  the  mucous  membranes  and  skin,  as  well  as  in  the 
glands,  a  clear  fluid  or  viscous  substance  lies  not  only  between  the 
ccIIh,  but  surrounds  their  deeper  parts,  and  which  not  only  cements 
the  cells  together,  but  serves  to  distribute  the  material  for  their 
nourishment  between  them ;  for  injection  can  be  passed  from  the 
blood-vessels,  through  the  "juice-canal-system,"  so  as  to  run  between 
the  epithelial  cells.  The  figures  in  illustration  of  this  opinion  closely 
resemble  Fig.  1,  Plate  v.  of  T.  A.  Carter's  paper  on  diaplasmatic 
vessels  in  YoL  iv.  of  this  JourrunL 
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Vascular  System. — J.  Cumow  describes  (2Vaw«.  PcUh.  Soc,  xxvi.) 
a  specimen  of  a  Double  Aortic  Arch  enclosing  the  Trachea  and 
<Esopbagus,  from  a  female  aged  87.  The  vascular  circle  was  formed 
in  front  by  a  left  brachio-cephalic  trunk,  the  first  part  of  the  left  sub- 
clavian, and  a  communicating  branch  to  the  posterior  aortic  arch, 
joining  it  about  three  inches  from  its  summit;  and  behind  by  a 
posterior  and  larger  arch/ from  which  the  right  carotid  and  then  the 
right  subclavian  took  origin.  The  ductus  arteriosus  joined  the  right 
extremity  of  the  communicating  vessel,  and  was  impervious.  During 
foetal  life  the  blood-current  must  have  passed  from  the  arterial  duct 
through  the  communicating  vessel  into  the  descending  aorta,  whilst 
after  the  obliteration  of  the  duct  a  volume  of  blood  equal  to  that 
which  was  carried  into  the  distal  portion  of  the  left  subclavian  still 
passed  from  the  first  part  of  the  subclavian  through  the  same  communi- 
cation into  the  aoi-ta.  There  was  no  transposition  of  viscera.  The 
author  looked  on  the  specimen  as  exemplifying  a  persistently  per- 
-vious  condition  of  both  4th  vascular  arches :  the  right  being  posterior 
to  the  trachea  and  oesophagus  and  forming  the  main  aortic  arch,  the 
lefb  being  anterior  and  forming  the  left  brachio-cephalic  trunk  and 
the  first  part  of  the  left  subclavian,  whilst  the  left  aortic  root  also 
persisted  as  the  patent  communicating  vessel.  The  analogy  of  this 
arrangement  to  the  ordinary  reptilian  type  was  pointed  out.— 
Fanny  Berlinerblau  describes  and  figures  {jReicherl  u.  du  Boia 
HeynwruTs  Archiv,  1875,  177)  the  direct  passage  of  arteries  ikto 
Veins  in  the  rabbit's  ear. 

« 

Spleen. — E.  Klein  {Jotum.  of  Mxc.  Science^  Oct.,  1876)  contri- 
butes Observations  on  the  Structure  of  the  Spleen.  He  begins 
by  referring  to  the  various  views  advanced  by  difierent  writera  on 
this  subject,  and  points  out  that  the  whole  doctrine  of  the  function  of 
the  spleen  rests  more  or  less  completely  upon  anatomical  observation. 
He  then  enters  upon  his  own  invobtigations  into  this  subject,  and  states 
tliat  in  the  dog  the  capsule  of  the  spleen  consists  in  its  deepest  part  of 
two  layers  of  unstriped  muscular  fibres — ^the  internal  layer  longitudi- 
nally, and  the  external  circularly  disposed  around  the  organ.  The  latter 
is  not  so  continuous  as  the  foimer,  and  is  imbedded  in  a  matrix  of 
connective  tissue  and  elastic  fibres.  Nearest  the  surface  the  elastic 
fibres  form  regular  elastic  laniinsR.  The  trabecule  are  almost  en- 
tirely formed  by  muscle.  In  the  human  spleen  the  capsule  has  few 
muscular  fibres,  and  only  at  the  points  where  it  is  joined  by  the 
trabecnliB.  The  trabecule  contain  muscular  fibres.  In  well  pre- 
pared specimens  of  the  pulp  a  honey-comb  of  membranes  is  observed, 
which,  when  seen  in  profile,  have  the  appearance  of  fibres.  In  the 
dog  these  membranes  contain  two  kinds  of  nuclei :  large,  y>ale,  I'ound 
flattened  nuclei,  and  smaller  oval,  spherical  or  irregularly-shaped 
nuclei,  which  take  a  deeper  tint  with  haematoxylin  than  the  former. 
In  some  places  the  membrane  has  the  appearance  of  being  divided 
into  oblong,  irregular,  or  polygonal  territories,  each  of  which  contains 
one  of  the  large  pale  nuclei.  In  other  woi*ds,  the  membrane. at  these 
points  seems  to  be  composed  of  flattened  cells  very  like  endothelial 
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cells.  The  spaces  of  the  honeycomb  are  of  different  sizes,  and  consti- 
tute a  labyrinth  of  anastomosing  spaces.  Many  of  these  contain  blood- 
corpuscles  and  heemoglobin  lumps.  Projecting  from  the  walls  into  these 
cavities  are  numerous  buds  of  granular  matter,  each  containing  one  of 
the  small  darkly-tinted  nuclei.  These  are  probably  washed  off  by  the 
blood-current  to  constitute  lymphoid  cells.  The  multinuclear  cells 
observed  by  Kblliker  in  the  spleen  of  young  animals,  are  branched 
flattened  structures,  containing  numerous  budding  nuclei,  and  in  con- 
nection with  the  membranes  of  the  stroma.  The  flattened  cells  of  the 
matrix  are  in  some  cases  aiTanged  continuously  around  a  blood-sinus, 
and  then  they  are  analogous  to  its  endothelial  lining.  In  profile  these 
cells  frequently  exhibit  a  peculiar  notching  which  the  author  con- 
siders to  be  due  to  one  side  of  the  cell  possessing  linear  thickenings. 
The  venous  radicles  represent  merely  a  labyrinth  of  spaces  in  the 
splenic  parenchyma^  The  author  states  that  he  believes  the  adenoid 
tissue  of  the  Malpighian  corpuscles  to  be  continuous  with  that  of  the 
arterial  sheath — the  one  passing  gradually  into  the  other.  In  the 
smaller  spaces,  in  the  matrix  itself  or  even  in  the  cells,  yellow  pig- 
ment-lumps are  found,  and  from  this  fauct  the  author  concludes  that 
the  destruction  of  the  red  blood-corpuscles  is  effected  by  the  matrix. 

Thyroid  Body. — M.  Poincar^  (Joum,  de  VAnai,  et  de  la  Phys.^ 
Sep.  et  Oct.,  1875)  gives  an  account  of  the  Innervation  of  thb 
Thyroid  Gland.  He  states  that  even  taking  into  consideration 
the  great  number  of  vessels  in  the  thyroid  body,  and  the  vaso-motor 
nerves  necessary  for  their  supply,  the  nervous  filaments  and  ganglia 
are  much  more  plentiful  in  this  organ  than  we  should  expect.  In 
addition  to  the  vaso-motors  there  are  present  sensitive  filaments 
capable  of  exerting  sympathetic  manifestations,  and  perhaps  also 
secretory  nerves  corresponding  in  number,  if  not  to  the  number  of 
the  vesicles,  at  least  to  that  of  tiie  lobules.  Of  the  nervous  fibres 
which  run  in  the  intimate  structure  of  the  thyroid,  there  are  many 
which  take  birth  in  the  gland  itself,  and  which  are  not  the  termina- 
tions of  the  nervous  cords  which  the  organ  receives.  This  fact  is  at 
once  apparent  by  comparing  the  poverty  which  the  external  capsule 
exhibits  in  nerves  and  ganglia  with  the  abundance  of  the  same 
nervous  agents  in  the  connective-tiBSue  partitions  of  the  organ.  In 
the  thyroid  therefore  there  is  a  network  of  nervous  cords  circum- 
scribing extremely  limited  islands  of  its  proper  substance,  and  having 
B  personality  quite  distinct  from  that  of  the  afferent  nerves.  The 
author  compares  this  arrangement  to  a  sub-marine  cable  connecting 
the  thyroidean  colony  with  the  metropolitan  cerebro-spinal  system, 
whilst  in  the  colony  itself  is  an  inde|)endent  telegraphic  network  of 
nervous  filaments  possessing  at  different  intervals  its  own  stations  or 
ganglia.  The  filaments  which  pass  between  the  vaiious  ganglia  arise 
and  end  within  the  organ.  He  next  describes  the  methods  he  has 
adopted  in  preparing  the  thyroidean  tissue  for  examination  into  its 
nervous  anatomy.  He  points  out  that  the  ganglia  do  not  present 
the  same  appearance  and  the  same  volume.  Sometimes  they  encloge 
about  ten  cells;  at  other  times  they  are  composed  of  one  only.     In 
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the  latter  case  they  most  fireqnently  occupy  tbe  angle  of  bifnrcati«>n 
of  a  little  twigy  or  they  may  be  enclosed  in  the  midst  of  a  lai^e  branch. 
The  large  ganglia  are  generally  situated  at  the  junction  of  three  or 
four  branches;  sometimes  however  they  interrupt  the  continuity  of 
long  branches.  He  states  that  he  has  not  been  able  to  determine  the 
connection  which  exists  between  the  ganglionic  cells  and  the  afferent 
and  efferent  fibres;  nor  has  he  been  able  to  make  out  the  exact 
termination  of  the  fibres.  He  has  sometimes  seen  a  splitting  of  the 
filament  into  fibrilln  which  ended  in  a  vague  manner  between  the 
epithelial  cells  of  the  vesicles.  At  other  times  he  has  lost  the  fibre 
in  a  granular  mass  in  which  he  was  exceptionally  able  to  distinguish 
the  outline  of  a  cell. 

Ete-Ball. — J.  D.  McDonald  describes  (Quart.  Jaum.  Mie,  Se, 
July,  1875)  the  posterior  elastic  lamina  of  the  cornea  as  distinct  fix)m 
the  pectinate  ligament  of  the  iris.  The  peripheral  tendon-like  pro- 
cesses of  the  pectinate  ligament  perforate  the  lamina,  divide  dichoto- 
mously,  intercommunicate,  and  break  up  on  its  anjterior  surface  into  a 
fibrous  plexus,  the  strands  of  which  are  concentric  rather  than  radiaL 
On  entering  the  lamina  the  tendons  are  enveloped  by  conical  exten- 
sions of  stractureless  substance,  more  like  a  coat  of  vitreous  enamel 

than  the  tubular  reflections  of  a  membi-ane. L.  von  Thanhoffer 

contributes  {Virchou/s  ArcMv,  LXiii.  136)  to  the  Histolooy  of  thb 
Cornea.  He  especially  describes  the  relations  of  the  nerves  to  the 
corneal  tissue  a^id  the  epithelium.  In  many  respects  his  descriptions 
correspond  with  those  made  by  G.  Thin  (Reports,  viii.  390,  ix.  193), 
as  that  observer  has  pointed  out  in  a  letter  to  Yirchow  (Archiv,  LXiv. 

136). F.  Poncet  (Ard^,  de  Fhys,  Aug.  et  Sept.  1875)  writes  upon 

the  Terhikations  of  the  Nerves  ik  the  Conjunctiva.  He  enters 
very  fully  into  the  history  of  this  subject,  and  reviews  at  considerable 
length  the  views  advanced  by  various  observers.  He  states  that  the 
nerves  end  in  three  ways:  (1)  in  large-meshed  networks  of  fine  fibres; 
(2)  in  the  corpuscles  of  Krause,  which  exist  chiefly  in  the  teiritory 
supplied  by  the  lachrymal  nerve  in  the  upper  and  external  aspect  of 

the  eye ;   (3)  in  inter-epithelial  swellings. H.  Nicati  {Arch,   de 

Fhys,  Aug.  et  Sept.  1875)  describes  the  distribution  of  The  Nerve- 
fibres  IN  THE  Optic  Nerves  and  in  the  Eetina.  He  draws  a 
distinction  between  the  arrangement  of  these  fibres  in  mammals, 
and  in  other  vertebrates.  Tn  the  former  he  states  that  the  fibres  of 
the  optic-nerve  before  passing  through  the  sclerotic  have  a  rectilinear 
direction.  Anastomoses  take  place  in  the  following  manner:  two 
neighbouring  bundles  which  at  first  are  separated  by  connective 
tissue,  join  into  one  when  about  to  pass  through  the  sclerotic ;  and 
it  follows  from  this,  that  the  bundles  are  more  numerous  behind 
the  eye  than  at  the  papilla.  This  diminution  in  the  number  of  the 
bundles  is  accompanied  by  a  corresponding  diminution  in  the  quantity 
of  connective  tissue.  In  other  vertebrates,  such  as  birds,  frogs,  ko.^ 
the  cylindrical  optic-nerve  flattens  out  at  the  eye,  and  forms  a  straight 
elongated  papilla.  The  bundles  which  constitnte  the  nerve  are 
fUTanged  as  they  traverse  the  sclerotic  in  a  unilinear  series,  and  are 
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distributed  alternately  bo  as  to  constitute  a  true  intercronsing.  Unlike 
the  mammals,  they  do  not  possess  a  central  artery  and  vein.  He 
ne^^t  points  out  the  anungement  of  the  fibres  in  the  retina.  From 
the  elongated  papilla  about  ten  principal  bundles  set  out  on  each 
side.  Each  of  these  in  spreading  out  in  the  retina  divides  Into 
smaller  and  smaller  bundles  in  such  a  manner  as  to  give  rise  to  the 
appearance  of  a  triangle  with  the  apex  at  the  optic-nerve,  and  the 
base  2it  the  ora  serrata.  The  united  apices  form  the  stituight  line 
represented  by  the  |»apilla.  He  ends  by  giving  a  brief  outline  of 
the  arrangement  of  the  fibres  in  the  retina  of  man  as  described  by 
MicheL 

Lachrymal  Appabatus. — Robin  and  Cadiat  (Jowm.  de  VAnat, 
et  de  la  Fhj/s,  Sept.  et  Oct.  1875)  describe  the  Structure  of  the 
Lachrymal  Sac  and  its  Ducts.  They  state  that  the  lachrymal 
ducts  are  formed  of  only  one  tunic  which  is  intimately  connected 
with  Homer's  muscle  except  near  the  sac,  where  some  fat  cells  inter- 
pose. This  tunic  is  composed  of  elastic  fibres,  amoug  which  run  fiat 
fibrous  bands  and  capillary  vessels.  Towards  the  inner  surface  of  the 
ducts  the  fibres  b^ome  finer,  and  their  place  is  taken  by  a  hyaline 
substance  which  extends  into  the  wall  for  one-third  of  its  thickness. 
This  supports  the  epithelium  of  the  duct,  which  is  squamous,  though 
in  its  deeper  layers  the  cells  are  more  or  less  rounded.  Small  arteries 
and  veins  run  in  all  directions  on  the  outer  pai*t  of  the  wall,  and 
send  capillary  networks  into  the  interior.  A  few  small  nervous 
filaments  run  in  a  longitudinal  direction,  and  end  apparently  in  the 
hyaline  substance.  On  these  nerves,  where  they  branch,  there  la 
genei*ally  a  nucleated  swelling.  At  the  entrance  of  the  lachrymal 
sac  the  epithelium  abruptly  changes  to  the  columnar  variety,  and 
the  wall  of  the  sac  and  nasal  duct  consists  merely  of  mucous  mem- 
braue,  quite  unconnected  with  the  periosteum  of  the  bones,  and  is 
separated  from  it  by  a  cellular  interval  Over  the  membranous  part 
of  the  sac  this  intervening  tissue  becomes  more  strongly  developed 
and  fibrous.  The  mucous  membrane  throughout  the  whole  length  ot 
the  canal  is  smooth.  Its  chorion  is  like  that  of  the  pituitary  mem-; 
brane — a  network  of  fi bro-plastic  cells  and  elastic  fibres,  among  which 
lie  round  and  oval  corpuscles  singly  or  in  groups.  It  is  richly  sup- 
plied with  blood-vessels  and  nerves.  There  are,  however,  no  glands 
in  the  mucous  membrane  of  either  the  canal  or  the  sac.  Close  to  the 
lower  end  of  the  canal  in  the  submucous  cellular  tissue,  there  are 
some  small  compound  racemose  glands  whose  ducts  open  on  the  sur« 
face  of  the  mucous  membiune. 


Larynx. — J.  Disse  contributes  {Inaugural  DtMerkUion,  Bonn, 
1875)  to  the  anatomy  of  the  Human  Larynx,  He  investigates  the 
vestibulum  laryngis,  the  ostium  tracheale  laryngis,  as  well  as  the 
larynx  proper,  and  publishes  a  series  of  figures  of  transverse  sectioua 
through  the  larynx  in  different  planes. 

Male  Oroahs  of  Gekkbatiom. — G.  Gulliver  records  (Proe.  Zool. 
SoG.  April  20y  1875)  the  size  of  the  SpemuUozoa  of  Feiramyzan. 


454  PROF£SSOR  TURNER  AND  MR  CUNNINGHAM. 

In  P.  marinus  they  have  a  mean  length  of  jn^lF*^  ^^^»  ^^^  *  thick- 
ness of  ^T^TTT^.  1^  P*  planeri  thej  are  much  larger,  and  club-shaped, 
without  a  distinct  head,  and  with  an  average  length  of  -^^^th  inch, 
and  a  thickness  of  sjjhnp' 

MAMMA.RT  Glands. — C.  Gregenbaur  (Morphologisches  Jahrbtich, 
1875,  266)  investigates  the  structure  of  the  nipples  in  Diddphys 

and  Mu8, W.  Gruber  records  a  case  of  supernumerary  nipples 

in  a  living  man  {Virchou^s  Archiv^  lxiil  99). 

Ovary  and  Ova — De  Sin^ty  {Arch,  de  Phya.  Aug.  et  Sept. 
1875)  gives  the  results  of  his  researches  upon  The  Ovaby  of  the 
Fcetus  and  of  the  New-born  Child.  He  states  that  in  an  embryo 
of  three  months  the  ovary  is  composed  of  what,  later  on,  will  become 
the  cortical  substance.  The  medullary  substance  formed  of  vessels 
and  embryonic  connective  tissue  presents  on  transverse  section  the 
appearance  of  an  isolated  pedicle  of  cortical  substance  with  which 
it  only  communicates  by  a  very  limited  space.  In  this  ovary  are 
large  cells  and  small  cells.  The  former  are  the  primordial  ovules, 
and  they  are  placed  in  small  groups  irregularly  separated  from  each 
other  by  slender  bundles  of  connective  tissue,  and  some  embryonic 
vessels.  The  most  external  of  the  cellular  groups  communicates  with 
the  epithelium  of  the  surface.  This  —  the  germinal  epithelium  — 
is  composed  of  two  kinds  of  cells,  viz.  small  and  cylindrical,  and 
large  and  round.  The  latter  are  the  primordial  ovules  less  de- 
veloped than  those  situated  in  the  8tix)ma,  and  the  former  are  probably 
destined  to  constitute  the  elements  of  the  granular  membrane.  The 
most  developed  ovules  are,  for  the  most  part^  situated  along  the  course 
of  the  vessels.  In  that  part  of  the  pedicle  which  is  furthest  .away 
from  the  stroma,  the  author  has  observed  sections  of  the  caniculi  of 
the  Wolffian  bodies.  These  were  placed  in  the  midst  of  the  embryonic 
connective  tissue,  and  were  lined  with  cylindrical  epithelium.  In  the 
£mbryo  of  five  months  the  bundles  of  connective  tissue  are  thicker 
and  more  abundant,  and  begin  to  form  very  distinctly  the  utricle!} 
or  tubes  of  PflUger.  The  primordial  follicles  are  isolated,  and  in  the 
ovule  surrounded  by  a  row  of  epithelial  cells,  and  a  limiting  layer  of 
connective  tissue  may  be  observed.  In  the  ovary  of  an  embryo 
Beven  months  old  the  isolated  primordial  follicles  are  more  numerous, 
and  the  connective-tissue  bundles  are  thicker.  It  presents  little,  if 
any,  difference  from  the  ovary  of  a  mature  child.  In  the  ovary  of  a 
newly-born  mature  infant,  the  germinal  epithelium  still  presents  the 
two  kinds  of  cells,  but  the  round  cells  are  not  so  numerous.  The 
ovarian  tubes  anastomosing  amongst  themselves  are,  for  the  most 
part,  separated  from  the  sur&ce-epitheliam  by  a  thin  layer  of  con* 
nective  tissue.  In  some  cases,  however,  the  germinal  epithelium  is 
^een  to  be  directly  continuous  with  the  contents  of  the  tubes.  Some 
tubes,  having  rather  the  form  of  utricles,  contain  in  their  deepest 
part  an  ovule.  He  also  points  out  that  at  this  stage  four  or  five 
Graafian  vesicles  may  be  seen  with  the  naked  eye.  In  these  vesicles 
Jie  observed  no  fluid,  but  several  layers  of  cells  of  the  granular  meoiir 
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brane  surrounding  the  OYule.  The  author  next  describes  the  ovaries 
of  a  mature  child  three  days  after  birth.  He  states  that  they  are 
of  unequal  size,  and  the  surface  is  interrupted  by  several  small 
projecting  knobs,  some  of  which  are  as  large  as  a  pea.  Some  of  these 
on  being  at  once  opened  allow  a  little  fluid  to  escape,  which,  on  being 
examined,  is  found  to  contain  one  or  two  perfectly  preserved  ova, 
some  degenerated  cells,  and  some  granules  and  molecules.  Beneath 
the  epithelium  there  are  a  great  number  of  primordial  ovules  and 
utricles  of  Pfliiger  separated  from  the  surface  by  connective-tissue 
bands.  In  the  deeper  layer  there  are  a  series  of  cavities  of  different 
sizes,  containing  in  some  cases  an  ovule  surrounded  by  epithelial  cells, 
granules,  epithelial  debris,  and  also  some  bodies  like  oil-globules,  but 
capable  of  being  coloured  by  reagents.  In  a  certain  number  of 
these  large  follicles  the  contained  ovule  is  not  in  relation,  as  regards 
size,  to  the  capacity  of  the  containing-  cavity;  but  in  those  which 
have  attained  a  medium  development,  the  relations  are  the  same  as 
in  the  foUicles  of  the  same  size  in  the  adult  female.  The  large  follicles 
are  separated  from  each  other  by  bands  of  connective  tissue  which 
support  the  blood-vessels.  He  states  that  the  Graafian  vesicles — 
even  those  which  project  from  tho  surface* — ^are  always  separated  from 
the  sur&ce  by  a  layer  of  connective  tissue  which  often  contains  pri- 
mordial vesicles.  Below  the  large  follicles  are  a  certain  number  of 
follicles  which  have  begun  to  atrophy  and  disappear.  At  this  stage 
of  life,  therefore,  the  author  has  bees  able  to  study  both  the  pro- 
gressive and  retrograde  changes  in  the  Graafian  vesidea  He  con- 
cludes that  the  hypertrophy  of  the  Graafian  vesicles  should  be  re- 
garded as  a  physiological  procesa  taking  plaee  in  the  ovary  at  this 
epoch;  and  also  that  there  is  an  excitation  on  the^part  of  the  internal 
generative  organs  in  relation  to  that  which  takes  place  in  the  mamma 
at   this  period;    and  both  resemble  that    which    takes  place    at 

puberty. M.  Z.  Gerbe  (Jownu  de  VAruU.  et  de  la  Phys.  July  et 

August,  1875)  points  out  The  place  where  the  cicatriculb  is 
FORMED  ix  Osseous  Fishes.  He  states  that  it  is  ouly  after  the 
ovum  has  been  in  the  water  for  some  time  that  the  separation  of  its 
diverse  constituents  individualizes  the  cicatricule,  concentrates  its 
scattered  elements,  and  forms  on  the<  surfaee  of  the  nutritive  globe  a 
little  discoid  eminence.  This  phenomenon  is  independent  of  fecunda- 
tion, but  in  the  non-fecundated  ovum  the  process  miscarries,  and  in 
place  of  a  round  prominent  cicatricnle  with  distinct  borders,  there 
is  a  cicatricule  with  vague  borders  and  irregular  outline.  Moreover 
the  constituent  molecules  are  only  slightly  coherent,  and  therefore 
it  easi]y  decomposea  The  author  farther  points  out  that  on  the 
external  envelope  of  the  ovum  there  is  a  little  cup-shaped  depression 
in  the  centre  of  which  is  the  micropyle.  It  is  through  this  aperture 
that  the  fecundating  corpusdes  gain  access  into  the  ovum,  and  here  is 
the  seat  of  election  for  the  formation  of  the  cicatricule.  He  next^ 
describes  the  method  by  which  these  phenomena  may  be  observed. 
The  ova  are  placed  in  water  with  the  micropyle  uppermost.  After 
a  time  a  considerable  extent  of  the  hemisphere  presents  a  greater 
whiteness  than  it  did  before  the  immersion.    This  change  is  evidently 
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due  to  the  presence  of  a  thin  layer  of  molecalor  granules  which  soon 
eondenses  to  form  a  circular  area  always  in  relation  to  the  micropyle, 
and  surrounded  by  a  crown  of  oily  granules.  Lastly,  the  cicatricule 
becomes  completely  disengaged  from  the  yolk,  and  forms  a  small 
jutting  out  distinctly  circumscribed  mamilla.  The  author,  lastly, 
endeavours  to  prove  that  the  formation  of  the  cicatricule  is  not  due 
to  the  laws  of  gravity  by  which  the  lighter  particles  would  rise  to  the 
micropyle  or  highest  point. 

Utsrus  and  Placenta. --^ohn  Williams  describes  {Obstetrical 
Jofwmal,  Nov.  1875),  the  structure  oi  the  Utsrikx  Muooirs  Mbmbbanb. 
He  states  that  it  possesses  a  very  highly  developed  wu^KvJUyru 
vmieo9o^  In  the  roe^eer  he  describes  the  muscular  wall  of  the 
uterus  9A  divided  into  two  layers  by  a  thin  layer  of  connective  tissue 
in  which  the  blocMi-vessels  run;  one  layer  is  between  this  connective 
tissue  and  the  peritoneum,  the  other  between  it  and  the  uterine  cavity; 
on  the  surface  of  the  latter  lie  the  soft  tissue  and  glands  of  the  mucous 
membrane:  the  layer  next  the  mucosa  is  the  muscularis  mucosis, 
and  the  connective  tissue  outnde  it  is  the  submucous  layer.  The 
sheep's  uterus  has  a  umilar  structure.  In  the  human  uterus  the 
submucous  connective  tissue  has  not  been  found,  though  indications 
of  its  position  have  been  found  in  the  dtuation  of  the  larger  vascular 
trunks.  The  paper  concludes  with  a  reply  to  some  objections  raixed 
by  G.  J.  Engelmana  (Amerwom  Journal  of  ObstetricSy  May,  1875)  to 
the  authoi^fl  previously  published  views  on  the  removeil  of  the  uterine 

mucosa  during  menstruation.    (Report,  ix.  398). Ad.  Pansch  gives 

observations  {Beichert  u,  du  Bale  ReymoncPs  Arehiv,  1874,  702),  oa 

tKe  POSITION  OF*  THX  Utbbus  in    the    pelvis. Q-.  B.  Eroolani 

publishes  (Mem.  delT  Accad.  delie  Sciersse  di  Bolognoj  Maroh,  1876), 
on  MoKSTBOSlTAS  PBR  iNCiiUSiONB  with  reference  to  the  question  if  a 
PLACENTA  is  developed.  From  a  microscopic  investigation  of  the 
structure  supposed  to  be  a  placenta  in  a  case  of  this  kind,  he  has 
come  to  the  conclusion,  that  it  had  no  analogy  with  that  organ, 
but  consisted  of  an  irregular  mass  of  cartilage,  surrounded  by  muscular 
fibre,  in  which  are  csivities  of  variable  £orm  filled  with  cellular  de- 
ments which  surrounded  vascular  networks.  On  the  other  hand,  in 
extra-uterine  tubal  pregnancies,  or  even  in  abdominal  pregnancies 
where  the  intermediate  mass  between  mother  and  foetus  is  developed 
on  the  peritoneum,  this  mass  is  a  true  placenta  identical  in  stmeture 
with  that  within  a  normal  uterus. 

Umbilical  CIobd. — LawsonTait  notes  in  Proc.  Roy,  Soc,  Lond.,  June 
17,  1875,  the  Anaiomt/  of  the  Umbilical  Cord.  Its  external  form  and 
mode  of  growth,  covering,  substance,  vessels,  relations  to  fietus  and 
placenta,  and  nutrition,  are  referred  to.  He  ascribes  the  spiiul  twisting 
jshiefiy  to  the  vein;  states  that  stomata  may  be  seen  on  its  epithelial 
covering:  divides  the  alveolated  canalicular  tissue  into  three  columns. 
^^When  the  canals  are  empty  they  j^resent  the  appearance  of  fibrous 
tissue  by  the  collapse  of  their  walls,  and  when  partially  distmded 
they  look  like  stellate  cells."     The  canalicular  tissue  ends  in  three 
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cones,  one  for  each  column  of  the  cord.  If  the  capillary  plexus 
belonging  to  the  dermal  ring  be  injected,  a  vascular  arrangement  will 
be  found  in  the  centre  of  the  cord  lying  in  the  firm  nucleated  tissue 
which  forms  the  omphalic  ring:  belonging  to  it  is  a  sacculated  sinus 
which  extends  from  the  omphalic  ring  for  45  mm.  up  into  the  true 
substance  of  the  cord,  giving  off  thick  trunks  which  rapidly  break 
up  into  the  capillaries ;  these  capillaries  do  not  form  loops,  but  enter 
dirtictly  into  the  canalicular  tissue :  the  sinus  seems  to  originate  from 
the  sniall  arteries  of  the  abdominal  wall  which  enter  with  the  vein. 

Embrtolooy. — F.  M.  Balfour  compares  the  early  stages  op 
DEVELOPMENT  OP  VERTEBRATBs  {Quart  J<mm.  Mtc,  Sc,  July,  1875). 
He  describes  the  changes  4n  the  ovum  of  Amphioxus,  the  Frog,  the 
Selachian  and  the  Bird  -He  disputes  the  statement  recently  made 
by  Kolliker  (Report,  ix.  402),  that  the  mesoblast  is  derived  from  the 
epiblafit,  and  is  convinced  that  it  proceeds  from  the  cells  of  the  lower 
layer,  which  he  regards  as  a  common  feature  in  vertebrate  embryology, 
and  has  a  wide  extension  amongst  the  invertebrates.  The  explana- 
tion of  this  is,  he  thinks,  that  in  the  ancestors  of  the  vertebrates  the 
body-cavity  was  primitively  a  part  of  the  alimentary.  He  calls 
attention  to  the  anus  of  Busconi,  or  primitive  opening  by  which  the 
alimentary  canal  communicates  with  the  exterior.  It  is  well  marked 
in  the  Amphioxus  and  Batrachians,  less  -marked  in  Selachians :  in 
Birds  no  trace  can  b^  seen ;  it  does  not  become  the  anus  of  the  adult, 
though  the  final  anus  corresponds  closely  to  it  in  position.  He 
believes,  contrary  to  the  opinion  expressed  by  some  embryologists,  that 

it  never  becomes  either   mouth  or  anuF. ^W.  His  in  His   and 

Braune's  Zeitsch.  fur  Anat.  u.  Entvjick,  1875,  publishes  his  re- 
searches on  the  DEVELOPHEi^T  OF  THE  BONY   FISHES,  especially  the 

salmon. ^W.  Krause  figures  and  describes  {Reicliert  u.  du  Bois 

jReymond^s  Arckiv,  1875,  215)  the  allantots  in  the  human  embryo 

at  the  4th  week  as  a  pear-shaped  sac. In  the  course  of  an  address 

to  the  Anatomical  and  Physiological  department  of  the  British 
Association,  Aug.  25,  1875,  J.  Cleland  communicates  some  observa- 
tions on  the  Development  op  the  Brai^t.  He  states  that  the  1st 
cerebral  vesicle  of  the  chick  in  the  2nd  day  is  undifferentiated.  At 
the  36th  hour  the  optic  nerves  are  sepaiuted  from  the  rest  of  the 
vesicle  by  distinct  elevations  of  the  fioor  of  the  brain,  reaching  inwards 
to  the  constriction  between  the  1st  and  2nd  vesicles.  In  a  chick  of 
the  3rd  or  4th  day  there  can  be  seen  in  front  of  the  optic  lobes  in 
series  from  behind  forwards  a  posterior  division  of  the  1st  vesicle,  an 
anterior  division,  the  cerebral  hemispheres  and  the  olfactory  lobes. 
In  the  middle  of  the  3rd  day  the  3rd  cerebral  vesicle  is  divided  into 
a  series  of  five  parts  separated  by  slight  constrictions;  the  auditory 
vesicle  lies  opposite  the  constriction  between  the  4th  and  5th  parts. 
During  the  3rd  day  the  divisions  become  more  strongly  marked,  and 
on  the  next  day  they  have  a  more  complex  appearance ;  and  after  that 
the  first  compartment  alone  remains  distinct  as  the  cerebellum,  whilst 
the  divisions  between  the  others  disappear  in  the  thickening  of  the 
cerebral   walls.     These   constrictions  the  author  considers    warrant 
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belief  in  the  existence  of  a  larger  number  of  segments  in  the  head 
tlian^Ls  usually  admitted. 

Malfobhatioks. — Harrison  Allen  writes  a  report  (Philadelphia, 
1875)  upon  the  autopsy  on  the  bodies  of  the  Siamese  twins.  He 
states  that  the  comiecting  band  passed  from  the  one  body  to  the 
other  at  the  junction  of  the  abdominal  and  thoracic  regions  immedi- 
ately below  the  ziphoid  cartilages.  It  measured  nine  inches  in  circum- 
ference, and  was  broader  above  than  below.  On  the  lower  surface 
was  a  scar  where  the  skin  was  adherent.  This  was  one  inch  in  length, 
and  was  considered  to  be  the  umbilicus.  In  both  bodies  a  mass  of 
fat,  one  inch  in  diameter,  was  found  in  the  position  of  the  normal 
umbilicus.  On  reflecting  the  skin  from  the  band  the  superficial 
fascia  was  exposed,  and  beneath  this  on  Chang's  side  was  the  tendon 
of  the  external  oblique,  and  the  aponeurotic  attachment  of  the  pecto- 
ralis  major.  On  Eng*s  side  in  addition  to  this  there  was  a  second 
layer  of  fascia  attached  below  to  the  linea  alba  of  Chang.  Chang's 
linea  alba  was  found  to  be  inserted  into  Eng^s  ensiform  cartilage; 
The  author  next  describes  the  structures  within  the  band.  Passing 
into  the  commissure  from  each  body  was  a  prolongation  of  hepatic 
substance.  These  were  each  enclosed  in  a  peritoneal  pouch,  and  they 
took  origin  from  the  anterior  margin  of  each  liver,  and  were  con- 
tinuous with  each  other.  Passing  through  this  hepatic  prolongation 
was  a  branch  of  Chang's  portal  vein.  Below  the  hepatic  pouches 
were  two  other  pouches  of  peritoneum,  and  each  of  these  communi- 
cated with  both  peritoneal  cavities.  Towards  the  middle  of  the  band 
was  a  fibrous  septum.  The  ensiform  cartilages  were  found  to  stretch 
into  the  commissure.  They  were  very  long  (seven  and  eleven  inches 
respectively),  and  were  united  by  a  symphysis.  The  vertebral 
column  of  each  showed  a  marked  lateral  curvature,  and  the  ribs  of 
each  were  only  twenty-two  in  number — seven  true  and  four  feUse, 
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ON  THE  RELATIVE  POWERS  OF  FRESH  AND  PRE- 
VIOUSLY USED  PEPSINE  IN  THE  DIGESTION 
OF  ALBUMIN.    By  Arthur  Ransome,  M.D.,  M.A. 

In  the  year  1868  I  attempted  to  ascertain  quantitatively  the 
amounts  of  peptones  produced  by  the  action  of  dififerent  kinds 
of  pepsine  upon  albumin,  by  dialysing  the  digestive  fluid, 
through  parchment  paper  or  sheep's  gut.  It  was  presumed 
that  the  quantities  of  peptones  passing  through  these  septa 
would  give  the  relative  powers  of  the  several  samples  of 
pepsine. 

In  the  course  of  these  experiments  specimens  of  pepsine 
which  had  been  previously  used  were  sometimes  compared  with 
similar  samples  of  fresh  pepsine,  and  I  was  surprised  to  find  in 
several  instances,  especially  when  thin  sheep's  gut  had  been 
used  for  the  septum,  that  more  digested  albumin  had  dialysed 
from  the  used  than  from  the  fresh  pepsine  mixture. 

The  experiments  were  certainly  not  free  from  suspicion  on 
the  ground  of  the  uncertain  action  of  the  dialysers,  or  of  a  pos- 
sible influence  of  the  pepsine  upon  the  diaphragm.  No  further 
attention  was  therefore  paid  to  the  observation  at  that  time. 

I  have  recently  been  able  to  obtain  the  aid  of  Mr  Gibbon, 
formerly  assistant  in  the  physiological  laboratory  of  Owens 
College,  and  he  has  made  for  me  the  following  experiments  for 
the  purpose  of  more  accurately  measuring  the  powers  of  used 
and  unused  pepsine  in  digestion. 

1.  Pepsine  was  prepared  from  a  pig's  stomach,  by  Briicke's 
method.  2.  A  standard  solution  of  pepsine  was  prepared  con- 
taining 002  grammes  of  the  ferment  in  100  cc.  of  water,  and 
02  per  cent,  of  hydrochloric  acid.  3.  An  air-chamber  was  so 
arranged  as  to  remain  approximately  at  a  temperature  of  from 
35"  to  38°  cent.      4.     100  cc.  of  the  pepsine  solution  were  now 
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mixed  with  100  cc.  of  a  solution  containing  0*2  per  cent,  of  hy- 
drochloric acid,  and  2  grammes  of  alhumin,  which  had  been 
•  dried  and  dissolved  in  the  acid.  The  mixture  was  then  put 
into  the  air-chamber  for  24  hours,  after  which  it  was  taken  out 
and  divided  into  two  portions  of  100  cc.  each.  One  of  these 
portions  was  boiled  to  destroy  the  pepsine  it  contained,  10  cc.  of 
it  were  added  to  80  cc.  of  a  solution  of  1  gramme  of  albumin 
with  0*2  per  cent  of  hydrochloric  acid,  and  10  cc.  of  the  stand- 
ard pepsine  solution  were  added,  making  the  mixture  up  to 
100  cc.  in  bulk.  Of  the  other  unboiled  solution  10  ca  were 
taken  and  added  to  90  cc.  of  water  containing  02  per  cent,  of 
acid  and  1  gramme  of  albumin.  These  two  solutions  may  be 
denoted  by  the  letters  A  and  B  respectively,  and  they  differed 
from  one  another  in  one  of  them  {A)  containing  pepsine  which 
had  been  used,  while  the  other  {B)  contained  fresh  pepsine. 
Both  solutions  were  placed  in  the  air  oven  (heated  to  37**  cent.), 
and  after  the  lapse  of  6  hours  both  were  tested  quantitatively 
for  albumin. 

5.  The  unchanged  albumin  was  determined  by  taking 
50  ca  of  the  digestive  fluid,  cautiously  neutralizing  with  so- 
dium bicarbonate  solution ;  again  acidifying  slightly  with  acetic 
acid,  and  then  boiling  the  solution  to  coagulate  the  albumin. 
The  coagulum  was  washed  on  a  dried  and  weighed  filter 
paper — dried  thoroughly,  and  the  weight  ascertained.  After 
6  hours  of  digestion,  the  amount  of  unaltered  albumin  obtained 
from  solution  {A)  containing  used  pepsine  was  0*87  gramme, 
whilst  from  solution  (JB)  with  fresh  pepsine  0*95  gramme  were 
recovered.  At  the  end  of  40  hours  the  quantities  of  uncon- 
verted albumin  were  respectively,  in  solution  A  0*5  gramme,  in 
solution  B  0'75  gramme. 

Six  separate  sets  of  experiments  were  now  carried  out, 
having  for  their  object  the  further  investigation  of  the  action  of 
used  and  unused  pepsine,  and  the  accurate  estimation  of  the 
quantities  of  this  substance  required  for  the  digestion  of  albu- 
min. In  each  set  of  experiments  the  digestive  fluids  to  be 
compared  contained  exactly  the  same  materials,  in  the  same 
proportions,  and  only  differed  in  the  circumstance  of  the  fer- 
ment employed  having  been  used  or  unused.  The  period  of 
time  during  which  each  set  of  fluids  was  exposed  in  the  air- 
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oven  was  varied,  and  the  temperature  of  the  oven  varied  some- 
what, but  this  variation  was  presumed  not  to  interfere  with  the 
experiments,  as  each  kind  of  fluid  was  subjected  to  the  variation 
at  the  same  time. 

The  successive  experiments  were  conducted  as  follows : 

The  digestive  fluids^  A  and  B,  were  again  diluted,  to  form 
fluids  C  and  D,  so  that  each  100  cc.  contained  ^  th  the  quan- 
tity of  pepsine  that  they  did  at  first,  namely,  0001  gramme. 
The  same  process  was  then  followed  as  ia  the  first  experiment, 
and  at  the  end  of  6  hours,  the  quantities  of  unchanged  albumin 
were,  for  the  used  pepsine  0*89  gramme,  for  the  fresh  pepsina 
0*93  gramme.  After  the  lapse  of  20  hours,  the  numbers  ob- 
tained were  respectively  0*75  and  0*82.  On  the  next  dihition 
to  form  fluids  E  and  J^,  containing  O'OOOl  grcmime  of  pepsine  to 
each  100  cc.  (i.  e.  ^  th  of  the  first  quantity),  after  12  hours  of 
digestion  the  numbers  obtained  were  respectively  0*95,  0*985 ; 
and  after  24  hours,  075  for  the  used,  and  0*85  for  the  fresh 
pepsine,  and  so  on  for  the  whole  seven  sets  of  experiments.  In 
three  sets  of  trials  the  dilution  was  carried  on  until  there  was 
only  0000001  gramme  of  pepsine  in  each  100  cc.  of  solution, 
and  with  the  same  kind  of  result 

Three  facts  seem  to  be  established  by  these  experiments. 
1.  The  excessively  minute  quantity  of  pepsine  capable  of  affect- 
ing albumin.  2.  Its  power  of  continuous  action.  3.  The 
greater  activity  of  used  than  of  fresh  pepsine. 

The  first  o£  these  propositions  has  been  amply  proved  before : 
by  the  researches  of  Briicke,  von  Wittich  and  others.  It  is 
probably  due  to  the  specific  attraction  of  the  ferment  for  one 
kind  of  substance,  and  for  one  kind  only.  So  soon  as  the 
albumin  with  which  it.  is  in  contact  is  changed  into  peptone, 
this  resulting  substance  has  no  longer  any  affinity  for  the  pep- 
sine, it  is  at  once  relinquished  and  the  ferment  is  free  to  act 
upon  fresh  portions  of  material. 

2.  The  power  of  continuous  action  is  probably  to  be  ex- 
plained in  the  same  way.  In  any  case  the  fact  has  been 
fully  confirmed  by  other  observers.  Thus  Vogel  remarked,  "  ce 
ferment  ne  s'dpuise  pas,"  and  more  recently  von  Wittich  shews 
that   the   power  of  pepsine,  when   fresh   acid   is  continuously 
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added,  is  truly  unlimited  ("seine  Wirksamkeit  in  diesem  Sinne 
allerdings  unbegranzt  erhalten  bleibt^ ." 

That  the  Amylo-ljtic  ferment  of  the  saliva^  a  substance 
closely  allied  to  pepsine,  abo  possesses  this  power  of  continuous 
action,  has  been  amply  proved  by  Dr  M.  Foster,  in  the  first 
number  of  the  Journal  of  Anatomy  and  Physiology  \ 

3.  As  to  the  remarkable  superiority  of  the  used  over  the 
fresh  pepsine,  it  is  interesting  to  note  that  in  this  respect  again, 
ptyaline  resembles  pepsine.  In  his  experiments  on  this  sub* 
stance,  Dr  Foster  compared  two  series  of  trials,  one  with  used 
the  other  with  unused  ferment  ''  In  the  last  members,  where 
many  hours  were  required  for  the  conversion  of  the  starch,  the 
result  was  slightly  in  favour,  not  of  the  latter,  but  of  the  former 
series/'  This  increased  power  Dr  Foster  connects  with  "  the 
so-called  spontaneous  conversion  of  boiled  starch/'  If  this 
explanation,  however,  could  be  shewn  to  be  true  of  the  Amylo* 
lytic  ferment,  which  may  reasonably  be  doubted,  it  would  not 
apply  to  the  experiments  now  under  consideration.  The  solu* 
tions  of  albumin  were  placed  under  precisely  the  same  condi- 
tions, and  any  change  going  on  spontaneously  in  the  one  ought 
equally  to  have  affected  the  other. 

The  fact  opens  up  a  wide  field  for  speculation,  and  without 
venturing  at  the  present  time  to  offer  any  hypothesis  to  account 
for  ity  I  would  place  in  connection  with  it  certain  observations 
that  have  been  made  in  other  directions. 

1.  The  increase  of  catalytic  power  gained  by  many  sub- 
stances when  finely  divided.  Thus  even  glass  and  earthenware, 
when  well  pounded  and  reduced  to  powder,  have  been  shewn  to 
possess  catalytic  powers.  The  most  energetic  catalytes  are  those 
in  which  the  active  element  is  not  only  finely  divided,  but  their 
particles  are  separated  by  some  foreign  substance:  thus  wood 
charcoal  is  inferior  in  power  to  animal  charcoal,  in  which  the 
particles  of  carbon  are  separated  from  one  another  by  earthy 
matter  ^ 


^  PftUger'i  Archiv,  Band  ▼.  p.  485. 

*  The  deniid  of  this  power  hy  Paachaten  ("  Eur  Frage  tiber  die  Wirknng  dee 
flpeiohelB  auf  Amylnm,''  Centralblatt,  1871)  is  hardly  entitled  to  much  weight 
in  face  of  the  conclnsive  experiments  made  by  Ih*  Foster. 

*  See  also  on  this  snbjeot  a  paper  by  the  writer  on  some  conditions  of 
moleoolar  action.    Phil,  Mag,,  May,  1867 • 


POWEBS  OF  USED  I^EPSINE  IN  THE  DIGESTION  OF  ALBUMIN.    463 

It  is  perhaps  possible  that  the  used  pepsine  may  have 
become  more  intimately  mixed  up  with  the  particles  of  albu- 
min, and  may  thus  have  become  more  finely  divided  and  able  to 
act  with  greater  vigour. 

2.  The  spontaneous  changes  that  all  colloidal  substances 
undergo  with  lapse  of  time ;  as  Prof  Graham  has  shewn,  **  their 
condition  is  a  continued  metastasis,"  "the  colloidal  being  a 
dynamical  state  of  matter,  the  crystalloidal  the  statical  con- 
dition," 

It  is  probable  that  pepsine  and  indeed  all  the  "  hydrolytic  " 
ferments  are  colloids.  ("  Pepsine  ist  vollkommen  indilBFusibel," 
V.  Wittich.)  It  seems  possible  that  when  this  substance  is  con- 
stantly in  presence  of  the  materials  upon  which  its  energies  are 
mainly  employed  in  fermentation,  then  the  internal  work,  by 
which  the  drawing  together,  the  pectination,  of  its  own  particles 
is  accomplished,  is  more  slowly  performed. 

The  pectizdHon  of  the  unused  ferment,  on  the  other  hand, 
in  the  presence  of  heat  and  moisture  may  be  carried  on  more 
rapidly,  and  its  fermentative  power  may  thus  be  gradually 
destroyed. 

The  fact  that  pepsine  will  still  digest  albumin  when  it  is 
partly  putrid  does  not  preclude  this  explanation,  since  there 
must  remain  some  portion  of  the  ferment  possessing  molecular 
power,  and  if  this  power  is  not  exerted  upon  the  fermentescible 
substance,  it  may  be  producing  changes  in  its  own  constitution. 

3.  Dr  Burden  Sanderson  has  pointed  out  to  me  Haiden<» 
bain's  recent  researches  on  the  allied  ferment  pancreatin. 
From  these  it  appears  that  there  exists  in  the  pancreas  a  sub- 
stance which  he  terms  "zymogen,*'  from  which  pancreatin  is 
slowly  evolved.  That  in  fact  *'  a  glycerine  extract  of  a  perfectly 
fresh  pancreas  contains  either  no  ferment  ready  formed,  or  only 
the  slightest  traces  thereof,  whilst  the  extract  of  a  gland  which 
has  remained  a  longer  time  after  death  acts  very  powerfully 
upon  fibrin  \" 

It  is  possible  that  some  such  zymogen  exists  in  Briicke's 
pepsine,  and  that  the  transformation  into  pepsine  goes  on  more 
rapidly  in  presence  of  the  substance  to  be  acted  upon. 

4.  The  enquiry  may  be  hazarded  whether  certain  peculiari- 

1  PfiugerU  Arehiv,  x.  6S3. 
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ties  in  some  of  the  disease-ferments,  notably  those  of  typhoid 
fever  and  cholera,  may  not  be  in  some  way  connected  with  these 
facts.  It  is  probable  that  the  poison  of  typhoid  ferer  becomes 
much  more  virulent  after  a  sojourn  of  several  days  in  contact 
with  decomposing  animal  matter^  Moreover,  although  Petten- 
kofer's  theory  of  cholera  is  in  itself  more  than  doubtful,  the  facts 
upon  which  it  is  founded  point  to  some  similar  peculiarity  in 
the  ferment  of  this  disease. 

The  observations  of  Dr  Thiersch  on  the  increasing  virulence 
of  cholera  excreta  during  a  period  of  four  to  five  days  after 
their  emission  have  been  fully  confirmed  by  Dr  Burden  San- 
derson. 

Although  the  phenomena  in  question  are  probably  to  some 
extent  due  to  vital  action,  it  seems  important  that  they  should 
be  borne  in  mind  in  reviewing  all  the  facts  bearing  upon  this 
diflBcult  subject. 


CONTRIBtJTIONS  TO  THE  ANATOMY  OF  THE  CUTIS 
OF  THE  DOG.  By  Wm.  Stirlinq,  D.  Sc,  M.D.,  De- 
monstrator of  Practical  Physiology  in  the  University  of 
Edinburgh.     (PL  XIX.  XX,) 

Through  the  investigations  of  Emminghaua^,  who  collecte4 
directly  the  lymph  fprmed  in  the  skin,  it  became  possible  to 
arrive  at  more  just  conceptions  respecting  the  conditions  which 
are  concerned  in  the  formation  of  this  juice.  The  assumptions, 
by  which  the  observations  made  by  him  might  be  explained, 
must  always  remain  to  some  extent  uncertain,  as  long  as  we  are 
ignorant  of  the  channels  which  the  fluid  that  has  exuded  from 
the  vessels  has  to  take,  in  order  to  pass  from  its  place  of  origin 
into  the  lymphatics.  The  completion  of  this  omission  could 
only  be  obtained  by  a  new  anatomical  investigation  of  the  skiu 
directed  to  this  point,  the  anatomical  investigation  being  un- 
dertaken with  the  view  of  planning  new  experiments  from  the 
results  thus  obtained. 

The  anatomical  data  which  are  furnished  to  us  by  the  im- 
portant works  of  Rollet,  Langer,  and  Tomsa  were  not  sufficient 
for  this  purpose,  and  specially  so,  because  those  properties  only 
of  the  cutis  by  which  it  is  rendered  fit  to  be  the  elastic  invest- 
ment of  the  trunk  and  extremities  were  taken  into  account  by 
these  observers.  The  researches  of  the  above-named  authors 
were  made  with  special  reference  to  the  human  skin,  but  as 
the  physiological  experiments  were  observed  on  the  dog,  it 
must  be  ascertained  how  far  the  structure  of  the  human  skin 
coincides  with  that  of  the  cutis  of  the  dog. 

When  however,  under  the  direction  of  Prof.  Ludwig  of 
Leipzig,  I  began  the  investigation  of  the  skin  of  the  dog,  it 
soon  became  apparent  that  its  schema  was  to  be  regarded  in  a 
different  light,  from  that  which  was  to  be  expected  from  the 
results  of  Tomsa  on  the  human  skin.  At  the  same  time,  great 
difficulties  presented   themselves   in   the  manner  in  which  I 

1  Ueber  die  Abb'ingigkeit  d.  Lymphabsondernng  vom  filatstrom.   H.  Em- 
misgbaus,  Arbeiten  au$  d.phyt.  Afutalt  zu  Leipzig,  1871. 
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wished  to  pursue  my  investigations^  inasmuch  as  I  did  not  suc- 
ceed in  preparing  the  closed  lymphatic  channels  in  the  cutis 
of  the  dog,  which  are  so  generally  obtained  in  the  human  skin, 
when  the  necessary  methods  are  employed. 

For  this  reason  my  investigation  is  far  from  having  yielded 
the  wished-for  results.  Still  I  hope  to  be  able  to  communicate 
that  which  is  not  altogether  valueless*. 

In  order  to  render  the  true  connection  of  the  elements  of 
the  skin  accessible  to  the  microscope,  it  was  first  of  all  neces- 
sary to  bring  the  skin  into  a  sufficient  state  of  softness,  to 
permit  sections  to  be  made  in  all  directions,  and  also  to  reduce 
it  to  such  transparency,  that  comparatively  thick  sections  could 
be  examined  with  good  results. 

The  method  which  I  found  to  succeed  best,  was  that  of 
digesting  the  tissue  in  artificial  gastric  juice.  This  method  I 
have  already  fully  described  in  the  Journal  of  Anat.  and  Phys. 
X.  185.  I  found  that  the  skin  of  the  dog  was  much  more  easily 
digested  than  that  of  the  human  subject. 

The  sections  can  afterwards  be  tinged  with  carmine  or  log- 
wood without  becoming  shrivelled  up,  and  can  be  hardened  in 
bichromate  of  potash ;  in  short,  they  can  be  manipulated  in  any 
of  the  ways  known  to  the  microscopist.  Skin  in  which  the 
blood-vessels  have  been  injected  can  with  equal  advantage  be 
subjected  to  the  digestive  process.  I  shall  describe  shortly  the 
method  by  which  I  injected  the  blood-vessels,  because  by  this 
method  I  have  been  able  to  prepare  such  complete  injections  as 
can  be  obtained  with  the  ordinary  methods  only  under  specially 
favourable  circumstances.  Tlie  injection  fluid  I  used  was  a 
clear  watery  solution  of  Berlin  blue.  The  extremities  were  the 
parts  injected.  The  pressure  under  which  the  fluid  was  forced 
into  the  vessels  was  constant,  between  100  and  200  mm.  of 
mercury.  In  the  limb  which  was  to  be  injected,  a  cannula 
was  placed  in  the  large  arterial  trunk ;  and  after  it  was  pro- 
perly tied  in,  the  limb  was  constricted  with  a  strong  brass  wire 
immediately  behind  the  cannula.  This  wire  was  drawn  as 
tight  as  possible  around  the  limb  by  means  of  strong  wire- 
pincers,   such  as  are  used  by  gas-fitters   for   screwing  tubes. 

^  This  research  was  origmallj  pnhliBhed  in  the  BerichU  d,  Math.-j^hy$. 
Classe  der  k&nig,  i&chi,  Getellichaft  d,  WUBentchafUrt,  1876. 
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Great  care  liiust  be  taken  that  this  closure  is  complete,  for 
upon  its  completeness  depends  the  success  of  filling  the  vessels 
perfectly.  After  the  band  has  been  put  on,  the  coloured  fluid 
is  permitted  to  flow  into  the  cannula  which  has  been  placed 
in  the  artery,  as  long  as  an  inward  current  takes  place  under 
the  above  pressure.  This  generally  lasts  many  hours  though 
with  diminishing  rapidity.  During  this  time  several  hundred 
cubic  centimeters  of  the  fluid  can  be  driven  into  the  limb  be- 
low the  middle  of  the  thigh,  the  part  becoming  greatly  swollen 
and  turgid.  The  result  is,  that  the  constituents  of  the  fluid 
are  precipitated  inside  the  vessels;  so  that  the  latter  appear 
completely  stopped  up  with  blue  granules,  while  the  water 
passes  through  the  wall  of  the  vessels  into  the  connective  tis- 
sue, and  produces  therein  a  considerable  cedema,  and  even  often 
flows  in  fine  drops  through  the  epidermis. 

I  now  proceed  to  the  description  of  what  appears  to  me  to 
be  of  value  in  my  obseivations. 

1.  The  relation  of  the  elastic  fibres  and  the  connective  tissue 
corpuscles  to  the  collagenous  bundles.  In  a  section  made  vertical 
to  the  free  plane  of  the  skin  (Fig.  1),  one  notices  that  the  space, 
which  remains  free  between  the  hair  follicles,  sebaceous  glands, 
and  sweat  glands,  is  fllled  up  by  an  elastic  network,  and  a 
large  number  of  scattered  cells.  The  meshes  of  this  network 
are  bounded  by  arched  fibres,  which  are  of  unequal  thickness. 
The  strongest  elastic  bands  run  at  great  distances  from  each 
other;  and  from  them  fine  branches  proceed,  subdividing  the 
spaces  between  the  strong  fibres.  The  greatest  number  of  strong 
bands  occurs  in  the  middle  of  the  cutis.  On  following  them 
into  the  space  between  two  hair  follicles,  towards  the  surface, 
we  find  that  they  proceed,  for  the  most  part,  from  the  surface 
which  surrounds  the  hair  follicle,  indicating  that  the  latter  is 
covered  by  a  felted  arrangement  of  elastic  tissue.  From  this 
covering  of  the  hair  follicle  there  stretches  in  the  direction  of 
the  so-called  erector  pili  a  strong  elastic  band  of  fibres,  which 
gradually  divides  into  bundles  as  it  proceeds  towards  the  sur- 
face, and  the  finer  bundles  are  continued  directly  into  the  ele- 
ments of  the  elastic  net-work  which  pervades  all  parts  of  the 
cutis.     As  in  a  section,  such  as  is  given  in  Fig.  1,  the  meshes 
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remained  distended,  the  collapse  of  the  limiting  fibres  must  be 
prevented  by  a  mass  lying  between  them.  It  therefore  follows, 
that  the  bundles  of  connective  tissue,  which  fill  up  these 
meshes,  are  not  completely  dissolved,  but  have  only  become 
swollen,  up,  and  have  acquired  a  very  high  degree  of  trans- 
parency. 

The  section  given  in  Fig.  2,  which  was  made  parallel  to 
the  surface,  may  serve  to  complete  Fig.  1.  It  was  made  from 
a  piece  of  skin  which  had  not  been  digested  so  long  ss  the 
previous  one.  The  space  between  the  hair  follicles  is  here 
again  seen  to  be  filled  by  fibres  and  scattered  corpuscles.  The 
elastic  fibres  are  distinguished  from  the  collagenous  ones  by 
their  well-known  characters.  Whilst  the  former  are  distributed 
as  a  net-work  over  the  whole  surface,  as  far  as  it  is  not  taken 
up  by  the  hair  follicles,  the  latter  are  disposed  as  straight  bun«- 
dles,  frequently  crossing  each  other  in  the  spaces  between  the 
hair  follicles.  The  plane  of  these  crossings  lies,  in  by  far  the 
greater  number  of  cases,  parallel  with  the  surface  of  the  cutis, 
which  is  shewn  by  the  fact,  that  although  the  different  hori- 
zontal sections  were  made  through  the  thickness  of  the  skin,  no 
collagenous  fibres,  cut  across  vertical  to  the  direction  of  the 
bundles,  are  to  be  seen.  This  disposition  differs  from  that  in 
the  human  cutis;  for,  while  the  human  skin  is  made  up  of  col- 
lagenous bundles  which  run  obliquely  upwards  from  the  sub- 
cutaneous connective  tissue  towards  the  epidermis,  the  cutis  of 
the  dog,  analogous  to  the  cornea,  appears  to  be  built  up  of 
many  layers  superimposed  upon  one  another,  and  held  in 
position  by  the  elastic  fibres  running  between  and  embracing 
them. 

The  original  form  of  the  cells  scattered  in  the  stroma  of  the 
cutis — ^which  irom  their  position  are  certainly  not  to  be  re- 
ferred to  the  epidermis,  the  glands,  the  sheaths  of  the  nerves  or 
the  blood-vessels — is  somewhat  changed  in  consequence  of  the 
treatment  with  gastric  juice.  Still  two  sorts  of  corpuscles,  differ- 
ing in  their  form  and  appearance,  are  always  to  be  distinguished. 
The  one  of  these  shews  round,  the  other  spindled-shaped  nu- 
clei. The  cells  with  round  nuclei  occur  much  less  frequently 
than  the  others,  and  appear  especially  at  those  places  which  are 
richly  supplied  with  blood-vessels.     They  are  therefore  present 
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in  large  numbers  in  the  upper  layers  of  the  cutis,  upon  which 
the  epidermis  is  planted;  and  here  they  are  seen  specially 
along  the  course  of  the  capillaries,  see  Fig.  5.  They  are  still 
more  numerous  and  much  more  extensively  distributed  in  the 
subcutaneous  connective  tissue  than  at  the  above-named  level 
(Fig.  6).  As  the  nuclei  appear  very  similar  to  the  nuclei  of 
the  lymph  corpuscles,  and  as  in  the  subcutaneous  connective 
tissue  the  existence  of  rich  networks  of  lymphatics  can  easily 
be  demonstrated,  it  will  scarcely  be  considered  erroneous,  if  we 
assume  a  connection  between  the  cells  with  round  nuclei  and 
the  contents  of  the  lymphatics. 

With  regard  to  the  cells  with  spindle-shaped  nuclei,  the 
cell-plate,  like  the  elastic  fibres  and  keratin,  offers  a  consider- 
able resistance  to  the  dissolving  action  of  the  gastric  juice;  and 
part  of  it  is  retained,  together  with  the  nucleus,  after  vety  pro- 
longed digestion.  Hence,  in  preparations  whose  collagenous 
tissue  haa  completely  disappeared,  we  still  find  many  of  these 
cells  in  their  normal  position.  When  the  digestion  has  reached 
this  stage,  the  cells  may  be  often  seen  covering  the  stronger 
branches  of  the  elastic  network  in  continuous  layers.  If  the 
digestion  has  not  proceeded  so  far,  and  parts  of  the  collagenous 
fibres  are  still  visible,  the  cells  then  appear  between  them,  the 
long  axis  of  the  spindle-shaped  nucleus  running  in  the  dii*ection 
of  the  bundles  of  fibre.  According  to  this  view,  these  cells 
would  belong  to  that  species,  which  Schweigger-Seidel  has  de- 
scribed on  the  bundles  of  fibres  of  the  cornea,  and  Banvier  on 
those  of  tendons. 

From  the  above-described  anatomical  arrangement  we  may 
understand  how  it  is  that  the  skin,  although  its  fibres  are  in 
connection  with  subcutaneous  connective  tissue,  can  assume 
such  variable  degrees  of  tension,  and  can  do  so  independently 
of  the  tension  of  the  subcutaneous  connective  tissue.  Foras- 
much as  the  collagenous  bundles  swell  up  in  watery  solutions, 
much  more  than  the  elastic  fibres  by  which  they  are  sur- 
rounded, they,  according  to  the  composition  and  quantity  of 
the  fluid  bathing  them,  must  communicate  to  the  elastic  fibres 
a  greater  or  less,  but  certainly  appreciable,  tension.  For  the 
elastic  fibres  oppose  the  tendency  to  extension  of  the  colla- 
genous fibres.    Besides  that  imbibed  by  the  tissues,  fluid  is  also 
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contained  in  the  skin  in  another  way.  This  is  shewn  by  the 
well-known  fact,  that  fluid  can  be  pressed  out  of  the  cutis  by 
a  force  which  is  not  capable  of  expelling  the  water  imbibed 
by  the  tissues  themselves ;  and  this  fluid  is  probably  contained 
in  the  spaces  which  must  exist,  for  each  of  these  constituents, 
by  virtue  of  its  elasticity,  tends  to  maintain  its  peculiai*  shape, 
and  to  reassume  it  when  the  external  forces  which  have  dis- 
turbed  it  are  removed. 

For  the  correct  apprehension,  however,  of  the  movement  of 
the  tissue  juices,  a  more  exact  investigation  of  these  relations 
described  must  be  made,  and  we  must  consider 

2.  The  distribution  of  the  blood-vessels.  From  a  piece  of 
skin  which  has  been  injected  with  Berlin  blue  and  subjected  to 
digestion,  a  preparation  such  as  is  given  in  Fig.  3  can  without 
great  diflSculty  be  obtained.  Of  course  in  this  case  the  arteries 
appear  of  a  blue  colour.  In  order  to  distinguish  the  arteries 
from  the  corresponding  veins,  it  is  best  to  follow  the  small 
branches  back  to  the  trunks  in  the  subcutaneous  connective 
tissue,  as  they  lose  the  rings  of  non-striped  muscular  fibre 
shortly  after  their  entrance  into  the  cutis,  instead  of  retaining 
them  to  their  termination  in  the  capillaries,  as  is  usual  with 
the  small  arterial  branches  in  other  parts.  The  course  of  the 
vessels  is  the  following : 

From  the  arterial  branches  in  the  subcutaneous  connective 
tissue  (A)  fine  branches  spring,  which  ascend  between  each 
set  of  four  (in  the  section  between  each  two)  hair  bundles. 
From  these  branches  other  finer  branches  proceed,  of  which 
one  (a)  goes  to  the  mass  of  fat  and  the  closed  end  of  the  sweat- 
gland,  a  second  (6)  to  the  hair  follicle,  a  third  (c)  runs  to  the 
sebaceous  glands  of  the  hair — this  generally  sends  fine  branches 
to  the  erector  of  the  hair.  The  remainder  of  the  ascending 
arterial  twigs  (d  d)  proceed  to  the  superficial  aspect  of  the 
cutis,  i,e.  to  the  under  surface  of  the  epidermis.  Each  of  these 
branches  passes  into  a  capillary  from  which  a  vein  springs; 
and  the  latter  descends,  along  with  the  corresponding  artery, 
to  its  origin.  The  distribiltion  of  the  blood-vessels  in  the  skin 
of  the  dog  corresponds  essentially  to  that  which,  since  the 
investigations  of  Tomsa,  we  are  familiar  with  in  the  human 
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skin.  In  the  case  of  the  dog  also,  the  capillary  vessels  are 
completely  absent  from  the  masses  of  connective  tissue  which 
are  situated  between  the  fat,  the  muscles  and  the  glanda  In 
pieces  of  dog^s  skin  which  have  been  treated  with  artificial 
gastric  juice  the  want  of  the  blood-capillaries  in  the  connective 
tissue  is  very  obvious,  because  the  masses  of  connective  tissue 
possess  the  property  of  swelling  up  in  such  a  high  degree. 

I  have  made  some  observations  on  the  structure  of  certain 
of  the  constituents  of  the  dog's  skin  after  treatment  with 
artificial  gastric  juice,  which  I  desire  to  mention. 

3.  The  sweat-glands  are  very  nwmerous.  Between  each 
hair  bulb  one  sweat-gland,  at  least,  is  to  be  found.  They  begin 
usually  below  the  masses  of  fat,  which  lie  under  the  roots  of 
the  hairs.  From  the  coil  a  twisted  tube  proceeds,  which  is 
continued  into  a  long  neck,  and  ultimately  opens  with  a  small 
funnel-shaped  dilatation  into  the  hair  bulb.  Fig.  1  6.  The 
place  where  the  sweat-gland  passes  into  the  hair  bulb,  is,  as 
Chodakowski*  correctly  noted,  above  the  opening  of  the  seba- 
ceous gland.  It  is,  however,  a  considerable  distance  from  the 
exit  of  the  hair  on  the  surface  of  the  cutis. 

The  hair-follicles  are  arranged  like  a  brush,  and,  as  is 
known,  it  is  the  rule  for  several  to  unite  before  they  open  on 
the  surface  of  the  skin.  A  sweat-gland  opens  into  the  region 
of  the  hair  follicle  common  to  several  hairs.  Although,  there- 
fore, the  skin  of  the  dog  contains  much  fewer  sweat-glands 
than  hairs,  it  is,  as  above  noticed,  by  no  means  poor  in  sweat- 
glands.  It  has  long  been  known  that  numerous  sweat-glands 
open  on  the  surface  of  the  pad  of  the  dog's  foot. 

The  structure  of  the  sweat-glands  of  the  dog  varies  in  an 
important  point  from  that  of  man.  According  to  the  observa- 
tions of  Heynold*  the  tunica  propria  of  the  human  sweat-gland 
consists  of  several  layers  of  flat  cells,  upon  the  inner  side  of 
which  the  epithelium  of  the  gland-tube  is  placed.  In  the  dog 
the  wall  of  the  tube,  from  without  inwards,  also  begins  with  a 
layer  of  flat  cells,  but  this  does  not  lie  next  the  epithelium, 
but  is  everywhere  separated  from  it  by  a  uniformly  strong  layer 

1  Ueher  die  Hautdrilten  einiger  Sdugethiere,  Dorpat  1871. 
*  Virchow^M  Arch.,  lxi.,  p.  77. 
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of  homogeneous  substance.  Fig.  7  A.  This  layer  is  of  so  firm 
a  consistence  that  it  retains  its  character  as  a  homogeneous 
membrane,  even  when  the  digestion  has  proceeded  so  far  that 
the  cells  lying  within  the  tube  have  been  broken  down  into  an 
amorphous  mass.    Fig.  7  B. 

Inajsmuch  as  the  hydrochloric  acid  increases  the  size  of 
many  of  the  constituents  of  the  skin  by  imbibition,  it  might 
be  imagined  that  this  had  taken  place  with  the  membrana 
propria  of  the  sweat-glands.  But,  even  if  it  had  much  less 
thickness,  a  homogeneous  membrane  sep^ating  the  cavity  of 
the  gland  from  the  suiTOunding  textures  would  be  of  import- 
ance in  an  organ  whose  function  essentially  consists  in  the 
occasional  rapid  exudation  of  watery  solutions. 

4.  A  clear  notion  of  the  $ti*ucture  of  the  erector  pili  is 
obtained  from  the  digested  skin.  The  cord,  which  is  described 
as  the  erector  muscle  of  the  hair,  consists,  in  my  preparations, 
of  a  strong  bundle  of  elastic  fibres  in  which  a  large  number  of 
muscular  fibre-cells  are  imbedded.  The  elastic  fibres  take 
their  origin  from  the  elastic  covering  of  the  hair  follicle. 
From  this  they  proceed,  as  a  compact  fibrous  mass,  in  the 
ordinary  way,  towards  the  free  surface  of  the  cutis.  Before  how- 
ever it  reaches  this  point,  the  bundle  divides  in  an  irregularly 
fan-shaped  manner,  into  a  large  number  of  finer  threads^ 
Each  of  these  again  divides  into  fibres  which  ultimately  pass 
into  the  elastic  network  spread  out  close  under  the  free  surface 
of  the  cutis.  (Fig.  9.) 

Between  these  elastic  fibres,  and  especially  between  those 
which  form  the  stem  of  the  elastic  bundle,  muscular  fibre-cells 
are  more  or  less  richly  imbedded  (Fig.  8  a  a).  These  appear 
strongly  pronounced  after  the  action  of  carmine,  as  the  elasti<5 
tissue  does  not  take  up  this  colouring  matter. 

According  to  this  description  the  muscle  of  the  hair  follicle 
does  not  consist  of  smooth  muscular  fibres  which  spring  from 
the  hair  bulb,  ascend  through  the  thickness  of  the  cutis  as 
such,  and  end  in  the  surface  of  the  latter,  but  is  composed 
of  an  elastic  band,  the  constituents  of  which  can  be  moved 
upon  each  other  by  the  included  muscular  fibre-cells. 

5.  The  bundles  of  connective  tissue  of  the  cutis  sometimes 
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undergo  a  change  under  the  action  of  the  digestive  fluid,  in 
consequence  of  which  they  appear  not  unlike  transversely 
striped  muscular  fibres.  (Fig.  8.)  One  might  easily  make  this 
mistake  were  it  not  for  their  great  numbers,  and  for  certain 
peculiarities  of  the  individual  forms.  To  the  latter  belongs 
the  passage  of  a  transversely  striped  into  a  completely  smooth 
piece  (Fig.  9  6),  which  often,  at  a  twist,  shews  the  excessive 
thinness,  the  ribbandJike  nature,  of  the  stnicture.  Amongst 
these  bands  there  often  occur  others,  so  that  the  transverse 
markings  depend  on  a  further  development  of  the  fibre  twisted 
round  them,  as  was  first  described  by  Henle  (Fig.  8  e). 
From  this  arrangement  of  the  fibres  it  may  be  assumed  that 
the  transverse  markiugs  belong  to  a  membrane,  or  sheath,  from 
the  interior  of  which  the  collagenous  substance  has  been 
removed  by  means  of  digestion,  whilst  the  markings,  being  of 
an  elastic  material,  have  resisted  the  action  of  the  solvent. 
These  sheaths  cover  not  only  the  large  bundles  of  connective 
tissue,  but  extend  even  to  the  very  fine  ones.  Often  it  appears 
as  if  the  sheaths  divided,  Fig.  9  d.  It  is  however  difficult, 
owing  to  the  fine  nature  of  the  structure,  to  determine  whether 
the  division  actually  takes  place,  or  whether  the  appearance 
is  due  to  the  superposition  of  originally  separate  bundles. 

6.  In  pieces  of  skin,  in  which  the  digestive  process  has 
proceeded  so  far  that  the  superficial  layers  of  the  cutis  can  be 
easily  removed  with  the  razor  as  a  pulpy  mass,  the  blood- 
vessels present  certain  peculiarities  (Fig.  4).  The  capillaries 
appear  as  exceedingly  delicate  structures,  which  are  composed 
of  spindle-shaped  cells  arranged  one  after  the  other.  In  ap- 
pearance and  distribution  they  so  much  resemble  the  network 
of  nerves  well  known  as  occurring  in  other  surfaces — e.g.  cornea 
— that  at  first  one  looks  in  vain  for  some  character  by  which 
to  distinguish  them.  The  identity  of  the  network,  however, 
with  that  of  the  injected  capillary  plexus  which  lies  on  the 
most  superficial  part  of  the  cutis,  appears  at  once  when  we 
compare  the  two.  For  comparison  with  Fig.  4  see  Fig.  5, 
which  was  drawn  from  an  injected  preparation,  taken  from  a 
piece  of  skin  corresponding  to  Fig.  4.  The  proof,  that  in  the 
latter  case  one  has  to  do  with  capillary  vessels,  will  be  com- 
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plete  when  the  nerve-fibres  themselves  are  discovered.  In  Fig. 
4  a  the  non-injected  capillaries  present  a  somewhat  different 
appearance;  their  course  is  straighter,  and  the  nuclei,  which 
are  present  in  the  threads,  are  placed  at  long  intervals  from 
each  other,  and  any  adjoining  two  are  united  by  a  straight  line. 


EXPLANATION  OF  THE  PLATES,  XIX.  AND  XX. 

Fig.  1.    Vertical  section  through  the  skin  of  the  dog— partly  schematic. 

Fig.  2.  Horizontal  section  parallel  to  the  surface  of  the  skin.  Ilart- 
nack,  Obj.  7.  Oca 

Fig.  3.  Blood-vessels  iigeoted.  Arteries  red,  veins  blue,  corre^Mnding 
to  Z^.  1. 

Fig.  4.  Non-injected  network  of  blood-vessels  lying  in  the  most  super- 
ficial layers  of  the  cutis.    Hartnack,  Obj.  7.  Oc  3. 

Fig.  5.    The  same  network  of  vessels  injected.  Hartnack,  Obj.  7.  Oc  3. 

Fig.  6.  Horizontal  section  through  a  deeper  part  of  the  cutis.  Hart- 
nack, Obj.  7.    Oc  3. 

Fig,  7.  A,  Sweat-gland  of  the  skin  of  the  dog  opening  into  the  hair 
follicle.  j9.  with  the  secreting  elements  inside  the  membrana  propria 
destroyed  by  the  digestion.    Hartnack,  Obj.  7.    Oc  3. 

Fig.  8.  Termination  of  the  erector  pill  upwards.  Hartnack,  Obj.  8. 
Oc3. 

Fig.  9.  Various  forms  of  connective  tissue  bundles  from  the  skin  after 
digestion  in  artificial  gastric  juice.    Hartnack,  Obj.  7*    Oc  3. 


OBSERVATIONS  ON  TASTE-GOBLETS  IN  THE  EPI- 
GLOTTIS  OF  THE  DOG  AND  CAT.  By  R.  H.  A. 
ScHOFiELD,  B.A.  B.Sc.    PL  XXVII. 

In  this  paper  I  propose  to  describe  certain  structures  occur- 
ring in  the  epiglottis  of  the  Cat  and  Dog,  which  in  their 
microscopic  characters  closely  resemble  the  well-known  taste- 
goblets  of  the  tongue.  The  observations  to  be  recorded  were 
made  under  the  direction  of  Dr  Klein  in  the  laboratory  of  the 
Brown  Institution. 

Method.  The  method  adopted  in  preparing  the  specimens 
was  briefly  as  follows :  The  fresh  epiglottis  was  placed  in  a 
mixture  of  two  parts  of  ^  p.  c.  solution  of  chromic  acid  to  one  of 
methylated  spirit  and  left  there  for  about  a  week,  after  which 
time  it  was  transferred  into  absolute  alcohol.  The  organ  thus 
prepared  was  imbedded,  and  longitudinal  and  transverse 
sections  cut,  which  were  stained  and  mounted  in  the  usual 
way.  The  microscopic  examination  of  the  sections  proves  that 
there  exist  on  the  posterior,  i.e.  laryngeal  surface,  "taste- 
goblets,"  the  structure  of  which,  as  far  as  it  could  be  ascertained 
from  my  specimens,  agrees  in  the  main  with  the  description 
given  by  Engelmann\  I  have  corroborated  the  following 
points,  viz. 

The  goblets  oociipy  cavities  in  the  epithelium,  which  are  some- 
what fla^-shaped,  and  whose  bases  rest  on  the  connective-tissue 
surface  of  the  mucosa.  The  taste-goblets  which  lie  in  these  cavities 
consist  of  15 — 30  elongated  cells  which  are  set  like  the  leaves  in  a 
bud  j  they  are  closely  arranged  in  several  concentric  layers  around 
the  axis  of  the  goblet. 

Of  these  cells  there  are  two  principal  kinds.  (1)  Those  forming 
the  external  layer  (Deckzellen^,  which  are  elongated  spindle-shaped 
bodies,  enclosing  an  ellipsoidal,  vesionlar  nucleus  placed  near  the 
centre.  They  consist  almost  entirely  of  hyaline  protoplasm,  and 
appear  to  possess  no  cell-wall ;  they  are  crescentio  in  outline  with  the 
concavity  inwards,  and  cover  in  (2)  the  aadal  cells  (Geschmackzellen), 
which  are  elongated,  thin,  almost  homogeneous,  and  highly  refractive. 
Each  consists  of  an  ellipsoidal  body,  which  is  chiefly  occupied  by  a 
vesicular  nucleus,  and  which   at  its  upper  pole  runs  out  into   a 

^  Strieker,  Handh,  d,  HUtolog.  S22o830. 
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moderately  thick,  and  at  its  lower  pole  into  a  very  thin,  fine  process. 
The  tip  of  the  upper  process  is  truncated,  and  at  its  extremity  is  a 
little  hair-like  body.  These  axial  cells  are  supposed  to  be  connected 
at  their  lower  extremities  with  nerve  fibi'es. 

Distribution.  As  to  the  distribution  of  the  goblets  the  chief 
points  of  interest  which  I  have  observed  are :  (1)  They  occur 
only  on  the  posterior  (laryngeal)  surface  of  the  epiglottis. 
(2)  They  are  always  met  with  in  the  lower  half  of  this  surface  : 
none  were  seen  near  the  tip  of  the  epiglottis.  (3)  .They  appefir 
to  be  arranged  approximately  in  rows  both  horizontally  and 
vertically :  for  in  many  of  the  sections  (both  horizontal  and 
vertical)  they  were  found  at  regular  intervals.  (4)  With  respect 
to  their  number,  it  may  be  mentioned  that  in  a  small  dog's 
epiglottis  (cut  longitudinally)  which  yielded  184  mounted 
specimens — the  usual  deduction  being  made  for  waste  in  cut* 
ting — goblets  were  observed  in  53  sections  (rather  less  than 
^  of  the  specimens),  while  in  another  dog's  epiglottis  (cut 
horizontally)  of  which  48  mounted  sections  were  obtained  (all 
those  taken  near  the  tip,  where  goblets  are  invariably  absent, 
being  excluded),  goblets  were  observed  in  15 — again  rather 
less  than  |  of  the  sections.  The  proportion  in  the  two  cases 
is  very  nearly  the  same,  whence  we  may  infer  that  the  dis- 
tribution over  that  part  of  the  laryngeal  surface  of  the  epi- 
glottis is  tolerably  uniform.  (Fig.  1.)  5.  The  surface  of  the 
epithelium  just  over  a  goblet  is  invariably  pitted :  there  is  a 
shallow  saucer-like  depression  with  the  tip  of  the  goblet  abut- 
ting against  its  lowest  point.  (Fig.  2.)  (6)  With  each  goblet 
is  associated  the  duct  of  a  mucous  gland,  which  opens  either 
at  the  side  of  the  depression  above  mentioned,  or  on  the  free 
surface  of  the  epithelium  at  some  little  distance.  (Fig.  2.) 
This  special  relationship  between  the  goblet  and  duct  is  of 
great  interest,  as  Yon  Ebner^  has  shown  that  a  similar  constant 
relationship  obtains  between  the  taste-goblets  of  the  tongue 
and  the  ducts  of  the  glands  which  he  terms  **  serous  glands.'' 
Verson  mentions  and  figures'  on  the  posterior  surface  of  the 
epiglottis  in  general  certain  "bud-like  or  pyramidal  structures," 
which  I  have  little  doubt  correspond  to    our    taste-goblets. 

1  Die  AcinHsen  DHlsen  der  Zungty  von  V.  Ebuer,  Graz,  1873. 
«  Strieker.    German  Ed.  I.  467,  fig.  124. 
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This  author  mentions  that  there  is  a  canal  in  the  centre  of  the 
goblet,  from  which  a  fine  duct  leads  to  the  free  surface  of  the 
epithelium. 

Finally,  as  regards  the  connection  of  these  goblets  with 
nerve-fibrils  asserted  by  some  authors  \  I  cannot  give  an 
opinion,  as  I  have  not  observed  it  in  any  of  my  sections. 

In  one  case  a  nerve-fibril  w^as  observed  close  alongside  of, 
but  apparently  not  entering,  a  goblet. 


EXPLANATION  OF  PLATE. 

Fig,  1.  From  sections  of  the  epiglottis  of  a  dog.  (1)  Made  in  a  plane 
at  rigJU  anglei  to  the  long  axi$.  Showing  fire  goblets,  a,  &,  <;,  d,  e.  N.B. 
Between  5  and  c  in  the  flgare  a  piece  of  epiiheliam  equal  in  length  to  that 
between  a  and  b  has  been  (for  convenience)  omitted.  (2)  Made  parallel  to 
the  long  axie  qf  the  epiglottU.  Showing  four  goblets  a,  hy  e,  d.  Hartnack, 
Oc,  3,  Olg,  4  (about  90  diam.). 

Fig.  2.  From  a  section  of  dog's  epiglottis  made  parallel  to  its  Ions  axis. 
Showine  the  pits  {g)  on  the  surface  of  the  epithehum  {e)  into  whidi  the 
ducts  (a)  of  the  mucous  glands  {gl)  open  ;  the  left-hand  duct  is  seen  dis- 
charging a  mass  of  mucus  on  to  the  free  surface.  The  letter  {g)  is  placed 
in  a  pit  just  over  the  apex  of  a  goblet  (m  m)  the  mucous  memorane. 
The  part  of  the  section  figured  is  from  the  posterior  (laryngeal)  aspect  of 
tlie  epiglottis  towards  its  base.    Hartnack,  Oe,  8,  Ohj,  5  (about  160  diam.). 

Fig,  3.  Single  goblets  more  highly  magnified  to  show  their  structure« 
{a)  Section  at  right  angles  to  free  surface.  (6)  Oblique.  In  the  former  the 
nuclei  of  the  two  sets  of  cells  of  which  the  goblet  consists  are  plainly  dis- 
tinguishabla  The  nuclei  (c)  of  the  axial  cells  (geschmackzellen)  &sing  much 
more  darkly  stained  than  the  nudei  (d)  of  the  superficial  cells  (deck** 
zellen).  The  latter  are  semi-tnmsparent^  and  in  many  places  the  nuclei  of 
the  deeper  cells  can  be  seen  thirough  them.  The  outlines  of  Uie  cells  con- 
vei^ng  towards  the  tip  of  the  goblet  are  clearly  seen,  and  iJso  the  small 
hair-like  processes  in  which  they  terminate.  Hartnack,  Oc,  3,  Oi^-  8,  about 
400  diam. 

'  Honigschmied.    Jahre$beric1U,  Virehow  und  nirsch,  p.  72. 
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ON  THE  PHYSIOLOGICAL  ACTION  OF  THE  SALTS 
OF  BERYLLIUM,  ALUMINIUM,  YTHIUM  AND 
CERIUM.      By   James  Blake,    M.D.,   F.R.C.S.,   Som 

Francisco^  CcJifornia. 

In  the  present  paper  I  shall  relate  experiments  shewing  the 
action  of  the  salts  of  the  above  metals  when  introduced  directly 
into  the  blood.  The  molecular  properties  of  some  of  these 
substances  have  not  yet  been  determined,  as,  with  the  excep- 
tion of  Aluminium,  neither  the  specific  heat  of  the  metals  nor 
the  vapour-density  of  their  chlorids  has  been  ascertained ;  so 
that  physiological  investigation  here  assists  us  in  determining 
the  properties  of  inorganic  substances  where  chemical  methods 
have  failed, 

SalU  of  BeryUiuvfk 

Ex.  1.  Animal,  rabbit,  weight  2315  grm.:  injection  in  jugular; 
manometer  connected  with  carotid.  Inject.  *021,  Be^b,  as  sulphate 
in  4oc.  water,  pressure  in  arteries  110—120;  5",  pressure  falling; 
10",  80—90;  15'',  110—120,  animal  not  much  affected,  oscillation; 
V,  90 — 110,  in  pressure  greater  both  at  each  pulsation ;  3',  90 — 115, 
and  also  in  the  general  range.  Inject  *017;  5",  pressure  feJling; 
8",  80—85;  12",  rising;  15",  130—140;  46",  70—85;  1',  60—70, 
heart's  action  irregular,  pulse  120,  respiration;  2',  100 — 115,  not 
affected,  animal  sensible;  4',  110 — 125.  Inject  -021;  4"  pressure 
falKng ;  8",  80—90 ;  15",  200—220,  respiiation  stopped ;  30",  180— 
200;  50",  130—150,  pulse  40;  2',  125—130,  tonic  spasm,  no  respi- 
ration; 3',  90 — 110,  slight  spasm,  oscillation  10  to  12  cm.  at  each 
pulsation;  4',  40—60,  pulse  24;  5',  20—35,  pulse  10,  5^40",  heart 
stopped.  On  opening  the  thorax  the  auricles  were  still  contracting 
rhyUimically ;  blood  in  right  cavities  dark,  in  left  red  but  not  bright. 
On  examining  the  blood  five  hours  after  death  the  arterial  blood  was 
quite  fluid,  corpuscles  subsided.  There  was  a  loose  clot  on  the  surface 
of  the  venous  blood,  but  fluid  underneath  \  Under  the  microscope 
the  corpuscles  were  found  mostly  angular,  some  quadrilateral,  not 
crenated;  about  one-eighth  were  globular;  molecular  moyementa 
active.     In  arterial  blood  two-thirds  of  the  corpuscles  were  globular. 

1  I  think  this  olot  on  the  surface  of  the  blood  was  oonnected  with  its  contact 
with  the  air,  as  I  noticed  some  blood  that  had  escaped  on  the  table  was  coaga- 
lated  half  an  hour  after  death. 
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Injection  qfl^iircUe  of  Beryllium  into  the  Arteries. 

Ex.  2.  A  rabbit,  weighing  2462  grm.  The  injection  wbm  made 
into  the  carotid  towuxls  the  heart.  Manometer  connected  with  the 
femoral;  pressure  115 — 120cm.  Inject.  *032;  4",  pressure  rising; 
7",  180—200;  30",  140—160,  slight  convulsive  movements;  1',  126 
— 130,  respiration  heavy,  slow,  18;  2',  120 — 125,  animal  apparently 
not  much  affected.  Inject.  -064;  4",  pressure  rising;. 8",  200 — 220, 
general  spasm  suspending  respiration  for  45";  30",  180 — 190;  T, 
150—165;  1'30",  160—170,  respiration  slow,  15;  2'30",  140—155, 
respiration  stopped;  3',  130—140;  4',  70—80;  5',  25—30;  5'50", 
8 — 10,  heart  stopped.  On  opening  the  thorax  auricles  beating  rhyth- 
mically, left  cavities  full,  scarlet  blood;  veins  and  right  cavities 
almost  empty,  blood  very  dark.  Immediately  after  the  last  injectipn 
the  conjunctiva  became  perfectly  white  although  before  it  had  been 
quite  red.  The  pupil  was  dilated  to  its  fullest  extent ;  it  contracted 
slowly  after  death.  Both  the  venous  and  arterial  blood  were  coagu- 
lated six  hours  after  death. 

Salts  of  Alumina, 

Ex.  3.  Injection  of  sulphate  of  alumina  into  the  jugular ;  mano- 
meter connected  with  the  carotid.  A  rabbit,  weighing  2305  grm.^ 
Pressure,  100 — 110cm.,  pulse  120.  Inject.  *016  in  4cc.  water;  4", 
pressure  faUing;  15",  40—50,  pulse  65;  30",  rising;  35",  130—140, 
puhie  48;  45",  130—150;  1',  90—110,  pulse  64,  respiration  slow, 
15 ;  2',  30—40,  pulse  68,  respiration  stopped ;  2'30",  25—30 ;  3', 
rising;  3'30",  120—130,  no  respiration;  4'30",  105—120;  4'50", 
110 — 130,  pulse  78,  respiration  again  commenced;  6',  80 — 90, 
animal  iusensible,  respiration  18;  7',  75 — 85,  pulse  75;  8',  65 — 75, 
respiration  suspended ;  8'30",  50 — 65,  pulse  78,  respiration  renewed  ; 
9'^  40 — 50,  pulse  76,  respiration  15,  mostly  costal;  13',  30 — 35, 
pulse  70,  respiration  10 ;  14',  20 — 23,  respiration  stopped;  15',  10 — 
14,  pulse  60,  oscillations  well  marked;  15'30",  heart  stopped.  On 
lining  the  thorax  the  auricles  were  found  contracting  rhythmically. 
Both  cavities  of  the  heart  contained  blood,  right  most  distended ; 
blood  in  left  red  but  not  bright.  Blood  from  right  side  coagulated ; 
from  left  remained  fluid  for  half  an  hour,  then  a  loose  ooagulum 
formed.  Six  hours  after  death  about  one  fourth  of  corpuscles  in 
venous  blood  deformed,  the  round  ones  more  globular;  in  arterial 
blood  more  deformed,  corpuscles  more  angular. 

Injection  of  Sulphate  of  A  lumina  into  Arteries.     ^ 

Ex.  4.  Dog,  weighing  7465  grm.  Injection  tube  in  left  axil- 
lary artery  pointing  towards  the  heart.     Manometer  connected  with 

^  This  experiment  was  one  of  a  series  undertaken  to  oompare  the  physio- 
logical action  of  beryUiom  and  alaminiom,  in  order  to  determine  the  moleonlar 
relations  of  the  former.  The  quantity  injected  repreeents  the  weight  of  the 
hydrated  oxide  of  alamina  dried  at  200K/.,  and  disfiofyed  in  0ulphuric  add. 


480  DR  BLAKE. 

femoral ;  pressure  1 25 — 1 30  cm.,  pulse  116.  Inject.  'SSO  of  sulphate 
of  alnmiiia;  4",  pressure  rising;  7",  175 — 180,  pulse  150;  1',  150 
« — 160,  respiration  not  affcKsted,  no  sign  of  suffering;  5',  lid — loO, 
pulse  U8.  Inject.  0*52 gim.;  7",  pressure  rising;  20",  290—305; 
puke  180;  45",  280—300,  respiration  arrested;  I'SO",  270—285, 
pulse  180,  2  or  3  slight  respiratory  movements;  2',  250 — 260,  pul^e 
150;  4'30",  215—230;  5',  pressure  falling  rapidly;  5'30",  80—90; 
6',  80—85;  7',  50—53,  pulse  64;  8',  25—27;  815",  heart  stopped. 
On  opening  the  thorax  the  auricles  were  contracting.  Blood  in  both 
cavities,  in  left  red  but  not  bright  \ 

Jrijection  o/SidpItcUe  of  Alumina  into  the  veins.     General  symptoms. 

Ex.  5,  Dog,  weighing  3576  grm.  A  tube  was  inserted  in.  the 
jugular  and  the  animal  then  set  at  liberty.  Inject  0*25  grm.  of  the 
salt.  In  15"  the  animal  fell  on  its  side  and  had  a  tonic  spasm ;  30", 
cried  as  if  in  pain ;  1',  respiration  arrested ;  conjunctiva  insensible ; 
respiration  suspended  for  r30",  and  then  again  commenced  and  con* 
tinned  regularly.  The  animal  gradually  recovered  its  sensibility  and, 
after  fifteen  minutes,  had  so  far  regained  its  streng^  as  to  be  able  to 
raise  itself  on  the  fore  legs.  On  injecting  0*25  more  of  the  salt 
respiration  stopped  in  one  minute,  and  the  animal  was  dead.  The 
salt  used  in  the  last  two  experiments  was  the  ordinary  sulphate  con- 
taining about  15  per  cent,  of  the  oxide. 

Salts  of  Cerium. 

Ex.  6.  Rabbit,  weighing  2235  grm.  Injection  into  jugular. 
Manometer  connected  with  carotid.  The  salt  used  was  the  oxy- 
sulphuret,  and  as  it  is  decomposed  by  water  it  was  mixed  with  a 
solution  of  gum  arabic  by  which  it  was  held  in  suspension.  Pressure 
in  arteries,  120 — 130cm.  Inject  '060  in  3cc.  water;  7",  falling; 
20",  50,  respiration  suspended;  45",  50 — 55,  respiration  38;  I'lO", 
80—85,  respiration  30;  r20",  150—156;  r30",  175—180;  2',  125 
— 130,  spasm  for  some  seconds,  respiration  then  becoming  slow,  10; 
3',  85—90,  respiration  8;  4'30",  50—55,  respiration  4,  pulse  100; 
5',  25 — 27,  respiration  stopped;  5'30",  10,  no  pulsation.  On  open- 
ing the  thorax  the  auricles  were  beating  rhythmically.  General 
vermicular  movements  in  the  ventricles.  Right  cavities  distended. 
Small  quantity  of  scarlet  blood  in  left  cavities.  The  microscope 
showed  the  corpuscles  much  changed,  crenated ;  not  more  than  one 
in  fifty  had  an  unbroken  outline.  The  blood  coagulated.  The  salt 
is  evidently  very  poisonous,  much  more  so  than  the  salts  of  the  lower 
oxide  or  the  serous  salts,  of  which  it  requires  eight  to  ten  times  the 
quantity  to  prove  fatal*.     They  differ  entirely  in  their  physiological 

1  173  grm.  of  blood  was  collected  after  death,  and  analyzed  for  alumina. 
The  result  gave  for  the  weight  of  the  blood  about  one-ninth  that  of  the  body. 

*  Chemists  are  not  yet  decided  as  to  the  molecular  constitution  of  the  oxides 
of  cerium ;  but  from  the  physiological  action  of  the  eerie  salts,  I  think  tiie 
oxide  will  be  found  to  have  the  formula  Ce^  O3,  according  to  the  views  of 
Mendel jery,  with  the  atomic  weight  138. 
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action  from  the  eerie  salts,  resembling  to  a  certain  extent  the  sub- 
stances  in  the  Baryta  gronp  in  paralyzing  the  heart,  and  in  causing 
contraction  of  the  voluntary  muscles  long  after  death. 

Salts  of  Tthia. 

Ex.  7.  Rabbit,  weighing  2362  grm.  Tubes  in  jugular  and  carotid. 
The  salt  used  was  the  nitrate  of  y  thia ;  and  the  weight  indicates  the 
weight  of  the  oxide  contained  in  the  injection.  Pressure  110 — 120. 
Inject.  -05  in  3cc.  water;  7",  falling;  30",  70 — 75,  respiration  sus- 
pended; r,  70— 75;  rSO",  rising;  r45",  125—130;  2',  110— lU, 
respiration  renewed,  but  only  three  or  four  respiratory  movements; 
3',  50—53;  4',  23—25;  6',  10—11.  On  opening  the  thorax  the 
left  ventricle  was  found  beating  rhythmically  and  continued  beating 
for  ten  minutes;  auricles  still.  Both  cavities  were  full  of  blood. 
Venous  blood  coagulated.  The  blood  from  left  side,  which  was  dark, 
remained  fluid  for  some  hours.  Corpuscles  much  altered,  irregular 
amoeboid  projections,  crenated,  oblong. 

Injection  of  Sulphate  of  Ythia  into  the  Arteries, 

Ex.  8.  Babbit,  weighing  2715  grm.  Tube  inserted  into  carotid. 
Manometer  connected  with  the  femoral.  The  weight  represents  the 
quantity  of  oxide  contained  in  the  solution.  Pressure,  110 — 115, 
pulse  160.  Inject.  0125;  16",  80 — 84,  fall  probably  owing  to  con- 
traction of  pulmonary  capillaries;  30",  110 — 115;  2',  110 — 120.  Inject. 
•025;  4",  90;  10",  rising;  15",  130—140,  respiration  quickened, 
cries;  30",  130 — 160,  great  oscillations  from  heart's  action;  ri5", 
140—165;  2',  120—160;  4',  135—160,  respiration  30,  pulse  140. 
Inject.  -025;  4",  190—200,  cries;  30",  170—190,  pulse  80;  1',  145 
— 160,  respiration  suspended  for  30",  then  slow  and  deep :  2',  140 — 
160,  respiration  6,  pulse  50;  3',  140 — 150,  oscillations  caused  princi- 
pally by  respiration,  those  from  heart's  action  hardly  perceptible; 
4'30",  110—115;  6',  110—112,  respiration  ceased;  7',  100—104; 
8',  80—83,  pulse  42;  9'30",  50—54,  pulse  30;  12',  25,  no  OHcilla- 
tions.  On  opening  the  thorax  the  heart  was  conti-acting  feebly. 
Both  cavities  contained  blood.  The  blood  in  the  left  side  brighter 
than  in  right,  but  not  scarlet.  It  coagulated  firmly.  The  lungs  wei*e 
hepatized,  and  the  bronchial  tubes  were  nearly  filled  with  a  serous 
frothy  secretion  which  must  greatly  have  interfered  with  the  aeration 
of  blood.  Coordinated  movements  of  the  fore  legs  continued  for 
more  than  half  an  hour  after  the  thorax  had  been  opened.  A  spec- 
troscopic examination  of  the  blood,  soon  after  death,  showed  plainly 
the  presence  of  didymium  and,  I  think,  of  erbium;  so  that  the 
above  experiments  can  but  imperfectly  represent  the  action  of  the 
ythia  salts.  Unfortunately  the  chemistry  of  these  compounds  is  so 
imperfect  that  pure  preparations  of  the  ythia  salts  cannot  be  obtained ; 
they  are  however  evidently  very  poisonous. 

The  substances  used  in  the  above  experiments  all  agree 
in  the  more  marked  physiological  phenomena  they  give  rise  to 
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when  introdueed  directly  into  the  Wood.  Their  most  striking 
action  is  on  the  systemic  and  pultoonary  capillaries.  This  is 
shown  as  regards  the  pulmonary  capillaries  by  the  sudden  fall  of 
the  pressure  in  the  arteries  that  immediately  follows  their 
injection  into  the  jugular.  When  this  gives  way  and  the 
substance  passes  on  into  the  left  side  of  the  heart,  and  through 
the  arteries  to  the  systemic  capillaries,  these  become  contracted, 
so  that,-  the  blood  not  escaping  from  the  arteries^  the  pressure 
rises  rapidly,  and  in  a  few  seconds  is  increased  far  above  the 
normal  amount.  These  substances  also  exert  an  action  on  the 
nervous  system*,  as  is  shown  by  the  arrest  of  respiration  and  its 
renewal  sometimes  after  an  interval  of  two  and  a  half  minutes. 
The  action  on  the  nervous  system  is  more  marked  with  the 
salts  of  cerium  and  ythium,  more  particularly  in  changes  in  the 
rhythm  of  the  heart's  action.  This  effect  on  the  heart  can, 
I  believe,  be  carried  so  far  as  to  arrest  its  pulsations  even 
before  the  suhstances  are  applied  to  its  parietes;  at  least  I 
have  seen  the  action  of  the  heart  arrested  within  two  or  three 
seconds  when  rather  large  doses  of  the  cerimn  and  ythium 
salts  had  been  injected  into  the  arteries.  I  think  the  muscular 
movements  that  continue. so  long,  after  death  are  connected 
with  their  action  on  nerve-tissue.  These  substances  are  evi- 
dently not  heart-poisons,  as  they  are  stated  to  be  by  Rabuteau, 
otherwise  the  heart  would  not  go  on  contracting  under  a  pres- 
sure of  150  cm.  to  200  cm.,  and  continue  beating  long  after 
respiration  is  an'ested.  If  they  exert  any  influence  on  the 
irritability  of  the  heart,  it  is  to  increase  it,  particu-larly  in  the 
muscular  fibres  of  the  left  auricle,  which  has  been  frequently 
found  contracting  when  every  other  part  of  the  organ  was  still. 
As  regards  the  connection  between  the  atomic  weights  of  these 
substances  and  the  intensity  of  their  physiological  action,  a 
series  of  experiments  with  the  salts  of  beryllium  and  aluminium, 
conducted  expressly  to  determine  this  point,  shews  that,  at 
least  as  regarch  these  substances,  the  connection  is  closer  than 
I  had  supposed  V 

^  As  my  previous  dxperiments  had  been  condaoted  to  detenniae  the  general 
physiological  action  of  inorganic  compounds,  no  great  attention  was  paid  to  the 
exact  weight  of  the  substances  experimented,  or  to  determine  the  smallest 
quantity  Uiat  would  prove  fatal.  Since  I  have  discovered  the  dose  connection 
that  exists  between  the  intensity  of  physiological  action  and  the  atomic  weight 
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When  injected  into  the  veins  in  divided  doses,  the  quantity 
of  the  oxide  of  beryllium  required  to  kill  2250  grm.  of  rabbit  is 
*06  grm.,  and  of  oxide  of  alumina  '022  grm.,  and  as  the  atomic 
weight  of  beryllium  is  9*3,  and  of  aluminium  27'4,  the  poisoning 
power  of  these  substances  increases  in  the  same  ratio  as  their 
atomic  weights.  I  think  the  same  ratio  will  be  found  between 
these  salts  and  the  ferric  salts,  which  agree  with  them  per* 
fectly  in  their  physiological  action  (see  this  Journal,  III.  24). 
Owing  to  the  uncertainty  of  the  molecular  constitution  and  the 
purity  of  the  salts  of  cerium  and  ythium,  no  satisfactory  evi- 
dence as  regards  their  quantitative  relations  can  be  obtained. 
They  are  undoubtedly  veiy  poisonous,  and  I  think,  when  pure 
and  definite  preparations  can  be  obtained,  their  physiological 
activity  will  be  found  to  be  proportional  to  their  atomic  weight. 
There  is  one  fact  shown  by  these  experiments  which  I  think 
deserving  the  attention  of  physiologists,  and  that  is  the  striking 
manner  in  which  th«  capiUaries  are  affected  by  the  presence  of 
extremely  minute  quantities  of  foreign  matter  in  the  blood. 
The  presence  of  one  part  of  oxide  of  alumina  in  twenty  thou- 
sand of  blood  was  enough  to  produce  strong  contraction  both  in 
the  pulmonary  and  systemic  capillaries. 

of  the  metallic  elements  in  the  same-  isomorphons  gronp,  a  more  aoonrate 
determination  of  the  quantities  that  prove  fatal  will,  I  doubt  not,  shew  a  closer 
connection  between  the  intensity  of  physiological  action  and  atomic  weight  than 
my  published  experiments  would  incucate.  This  certainly  has  been  the  case  in 
my  more  recent  experiments  with  beryllium  and  aluminium. 


PHYSIOLOGICAL  ACTION  OF  CONDURANGO.  By 
T.  Lauder  Brunton,  M.D.,  F.R.S.,  Assistant  Physician 
and  Lecturer  on  Materia  Medica  at  St  Bartholomew's 
Hospital. 

The  experiments  were  made  in  the  autumn  of  1871  on  frogs 
and  rabbits  with  a  solution  of  an  extract  prepared  from  a 
pound  of  the  root  which  yielded  one  ounce.  The  solution  was 
injected  either  under  the  skin  into  the  peritoneal  cavity,  or 
into  the  jugular  vein. 

Experiments  1  to  T,  From  one  to  five  grains  of  extract  mixed 
with  a  little  water  were  injected  under  the  skin  of  seven  Frogs.  In 
six  of  these  experiments  no  effect  followed  the  injection,  except  some 
temporary  restlessness,  which,  as  it  occurred  immediately  after  the 
injection  and  soon  subsided,  must  have  been  due  to  the  operation 
and  not  to  any  absorption  of  the  extract.  One  frog  died  some  time 
afler  the  injection ;  but  the  death  can  hardly  be  attributed  to  the 
condurango,  as  the  frog  was  less  lively  than  the  others  before  the 
injection,  remained  quite  unaffected  by  it  after  twenty-four  hours, 
and  died  five  days  afterwards. 

These  experiments  show  that  the  extract  of  condurango 
injected  under  the  skin  of  frogs  produces  no  effect,  even  when 
so  large  a  dose  as  five  grains  is  administered. 

Experim&nts  8  to  10.  These  experiments  were  performed  on 
Babbits. 

Experiment  8.  One  gramme  (15*4  gr.)  was  dissolved  in  20  cub. 
centim.  of  water  containing  ^  per  cent,  of  chloride  of  sodium,  the  salt 
being  added  to  prevent  the  initation  which  water  causes  when 
brought  in  contact  with  the  tissues  of  the  body.  This  liquid  was 
injected  in  two  equal  portions,  with  an  interval  of  half  an  hour,  into 
the  peritoneal  cavity  of  a  rabbit  weighing  936  grammes  (2  lb.  1  oz.). 
No  effect  followed  either  operation. 

In  order  to  test  the  effect  of  the  chloride  of  sodium  itself,  10  cub. 
cents,  of  a  solution  of  the  sanie  strength  but  without  any  extract 
were  injected  into  the  peritoneal  cavity  of  a  rabbit  weighing  425 
grammes  (nearly  1  lb.)  and  produced  no  effect. 

Experiment  9.  One  gramme  (15*4  grains)  was  mixed  with 
10  cub.  cent,  of  water.  Tlie  solution  was  not  filtered,  and  contained 
small  undissolved  particles.  A  cannula  was  placed  in  the  jugular  vein 
of  a  rabbit  weighing  1030  grammes  (21b.  4oz.),  and  about  one-third 
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of  the  fluid  was  introduced  by  three  injections  with  intervals  of  fifteen 
and  eight  minutes.  No  apparent  effect  was  produced  by  the  first 
injection^  but  after  the  second  and  third  the  respiration  became 
quicker,  the  animaLsank  down  on  its  fore-paws,  turned  on  its  side, 
drew  its  head  backwards  at  nearly  a  right  angle  with  the  body,  gave 
one  or  two  convulsive  kicks,  the  eyes  became  exceedingly  prominent, 
and  the  cornea  became  insensible  to  the  touch. 

The  body  was  immediately  opened.  The  heart  was  still  pulsating, 
though  feebly.  Its  right  cavities  were  full,  its  lefl  cavities  were 
empty. 

In  this  experiment  the  injection  of  about  one-third  of  a  gramme 
(5grs.)  of  the  extract  into  the  jugular  vein  was  followed  by  death; 
whereas  in  Experiment  8  the  injection  of  three  times  this  dose  into 
the  peritoneal  cavity  of  a  smaller  rabbit  produced  no  effect.  As 
drugs  are  generally  absorbed  with  great  rapidity  from  the  peritoneal 
cavity,  the  difference  between  the  results  of  the  two  experiments 
could  hardly  be  due  to  the  non-absorption  of  the*  condurango  in 
Experiment  8,  and  it  was  therefore  in  all  probability  due  to  embolism 
of  the  pulmonary  vessels  caused  by  suspended  particles^  and  not  to 
the  physiological  actioti  of  the  drug. 

Experiment  10.  One  gramme  (16*4  grs-.)  of  the  extract  was  dis- 
solved in  20  cub.  cent,  of  warm  water,  and  carefully  filtered  twice. 
A  cannula  was  placed  in  the  jugular  vein  of  a  rabbit  weighing  680 
grammes  (1 J  lb.),  and  lOcub.  cent,  of  the  filtrate  were  slowly  injected 
into  it 

During  the  injection  the  respiration  became  hurried,  and  occasion- 
ally a  convulsive  twitch  of  the  limbs  occurred.  A  few  minutes  after- 
wards 5  cub.  cent,  more  were  inj/ected.  The  animal  was  then 
released.  It  trembled  much  and  seemed  weak,  but  could  move  about 
perfectly  well.  Its  respiration  was  laboured.  Twenty  hours  after- 
wards it  seemed  weak  and  languid  and  its  respiration  somewhat 
hurried. 

In  this  experiment  nearly  three-quarters  of  a  gramme  were  in- 
jected into  the  jugular  of  a  rabbit  weighing  680  grammes,  with  the 
effect  of  producing  hurried  respiration  and  weakness.  In  Experi- 
ment 9,  one-third  of  a  gramme  was  followed  by  the  death  of  a  rabbit 
weighing  1030  grammes. 

The  difference  between  these  experiments  consisted  in  the  solu- 
tion of  condurango  being  filtered  in  Experiment  10  and  not  in 
Experiment  9,  and  we  must  therefore  conclude  that  the  fatal  result 
in  the  latter  case  was  due  to  the  presence  of  large  particles  in  the 
fluid. 

The  hurried  breathing  in  Experiment  10  might  be  due  to  the 
small  particles  which  had  passed  through  the  filter,  but  were  yet 
large  enough  to  bi'come  impacted  in  the  pulmonary  capillaries. 
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Besults  of  Expebiments  on  the  General  Action  of  the 

Extract  of  Condurango. 

Condurango  has  no  poisonous  action.  The  extract  produced 
no  apparent  effect,  in  frogs  when  given  in  doses  of  ^  of  a  gramme 
(o  grains),  or  on  a.  rabbit  in  a  dose  of  1  gramme  (15^  grains),  an 
amount  which  is  equivalent  to  72  grammes  (2^  ounces)  of  the 
extract,  or  2^  lbs.  of  the  root  for  a  man  weighing  150  lbs.  It 
has  no  paralysing  action,  and  apparently  no  action  of  any  kind 
on  voluntary  muscles  or  motor  nerves,  as  the  movements  of 
the  animate  were  unaffected  by  its  administration. 

I  also  made  a  series  of  Experiments,  XI.  to  XYII.,  to  ascer- 
tain whether  condurango  had  any  power  of  diminishing  reflex 
action,  or  any  effect  on  circulation  and  respiration. 

The  conclusions  at  which  I  arrived  are : 

I.  Condurango  has  very  little  effect  on  reffex  action.  A 
slight  diminution  of  reflex  irritability  was  observed  after  the 
injection  of  the  extract  into  frogs  in  doses  of  2  to  5  grains,  but 
the  number  of  experiments  was  insufficient  to  show  whether  or 
not  this  was  due  to  the  exhaustion  produced  by  the  struggles  of 
the  firog. 

II.  Condurango  has  no  action  on  the  pressure  of  the  blood 
when  it  is  injected  into  the  peritoneum  in  large  doses;  the 
diminished  blood-pressure  noticed  in  some  instances  might  be 
due  to  the  animal's  strength  being  diminished  by  its  position  on 
the  board  and  the  effects  of  the  operations.  Its  effect  on  the 
pulse  and  respiration  is  not  constant,  the  injection  being  some* 
times  followed  by  quickening,  and  sometimes  by  slowing,  and 
moreover  the  results  which  followed  its  injection  into  the 
jugular  might  in  some  degree  be  due  to  the  presence  of  fine 
particles  in  it  having  a  mechanical  effect. 

For  the  purpose  of  ascertaining  if  condurango  has  any  effect 
in  contracting  or  dilating  the  arterioles  and  capillaries,  the 
vagus  was  irritated  so  as  to  stop  the  heart,  and  the  rapidity 
with  which  the  blood-pressure  fell  during  the  stoppage  of  the 
heart  before  the  injection  was  compared  with  that  which  was 
found  after  it. 
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The  ezperimenta  appeared  to  indicate  that  no  extensive 
alterations  were  prodaced  in  the  arterioles  by  the  condurango. 

The  general  result  of  all  these  experiments  is  that  condu- 
rango is  physiologically  inert,  and  that  Qiannuzzi^  in  attributing 
to  it  a  tetanizing  action,  probably  fell  into  the  same  error  into 
which  Experiment  9  had  almost  led  me,  and  ascribed  to  the 
physiological  action  of  the  drug  what  were  really  the  effects  of 
embolism  of  the  pulmonary  artery. 

^  Bioerohe  eseqnite  nel  Gabinetto  di  Fisilogia  della  Umyeraita  di  Siena,  pp. 
71—^.    Abstracted  in  the  Centralblatt  d.  med.  WisienMchaften,  1878,  p.  824. 


NOTE  ON  THE  ABDOMINAL  PORES  AND  UROGENI- 
TAL SINUS  OF  THE  LAMPREY.  By  J.  C.  Ewaet, 
M.B.  (Edin.),  University  College,  London. 

Sir  Eyerard  Homb  in  iikQ  Philosophical  TransacHona  for  1815,  in  a 
paper  on  the  Qeneration  of  the  Lamprey  and  Myxine,  holds  that  the 
Lamprey  is  a  hermaphrodite  animal,  that  the  ova  escape  from  the 
abdominal  cavity  by  two  email  apertures  into  a  tube  common  to 
them  and  the  semen,  which  tube  opens  just  within  the  verge  of  the 
anus.  Johannes  Mdller'  states  that  in  the  Myzinidae,  at  the  end  of 
the  abdominal  cavity  at  both  sides,  lying  close  to  the  rectum,  is  a 
short  canal  which,  piercing  the  abdominal  walls,  opens  into  a  single 
pore  situated  behind  the  anus.  This  pore  along  with  the  anus  is 
enclosed  by  a  fold  of  skin  which  forms  a  kind  of  cloaca.  He  adds 
that  the  Lamprey  only  differs  from  the  Myxine  in  having  the  pore 
drawn  out  to  form  a  papilla. 

F.  M.  Balfour'  in  a  paper  on  the  development  of  the  urogenital 
organs  quotes  Johannes  Miiller,  and  refers  to  a  memoir  by  Yogt  and 
Pappenheim'  on  the  generative  organs  of  the  vertebrata,  in  which  two 
abdominal  pores  are  desciibed  in  the  Lamprey  each  connected  with 
a  short  canal.  These  pores  they  say  are  so  small  that  to  demon- 
strate them  it  is  necessary  to  inject  mercury  into  the  abdominal 
cavity,  the  mercui-y  after  some  time  appearing  as  a  small  drop  at 
both  sides  of  the  anal  aperture.  They  were  never  able  to  introduce 
a  thread  into  the  openings — ^threads  piercing  the  tissues  and  human 
hair  being  too  flexible.  In  the  same  paper  Bathke  is  said  never  to 
have  been  able  to  find  the  openings^  though  convinced  of  their  ex- 
istence. 

The  above  writers  haviug  failed  to  demonstrate  the  openings 
further  than  by  the  injection  of  mercury,  it  remains  to  be  proved 
what  the  real  arrangement  is,  whether  or  not  there  are,  as  Miiller 
describes,  short  canals  leading  from  the  abdominal  cavity  lying  close 
to  each  side  of  the  rectum. 

On  examining  the  ventral  surface  of  a  lamprey  a  well- 
marked  papilla  is  seen  projecting  from  a  shallow  elliptical 
fossa.     At  the  apex  of  this  papilla  a  very  fine  opening  is  found 

^  Abhandlungen  der  E'dniglichen  Akademit  der  Wistemchaften,  zn  Berlin, 
184S. 

*  Journal  of  Anat.  and  PhysioL,  Vol.  x.,  Part  i. 
"  Annalet  des  Sciences  NatfirelUt,  Vol.  xi. 
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in  the  male,  a  wider  one  in  the  female.  On  pressing  the 
abdomiaal  walls  with  the  fingers  from  before  backwards  in  the 
fresh  Lamprey  a  quantity  of  fluid,  generally  containing  blood 
and  mmetimes  ova,  may  be  seen  escaping  by  this  opening  at 
the  apex  of  the  papilla,  indicating  that  some  of  the  contents  of 
the  abdominal  cavity  thus  reach  the  exterior. 

Id  front  of  the  papilla,  at  the  bottom  of  the  fossa,  in  the 
ventral  sarface  from  which  the  papilla  projects,  is  the  anus. 
When  closed  its  concave  anterior  margin  is  in  contact  with  the 
anterior  convex  surface  of  the  papilla.  Behind  the  papilla 
there  ie  no  opening;  the  outer  layer  of  the  papilla  dips  into 
the  fossa  and  then  becomes  continuous  with  the  skin.  If  after 
making  this  superficial  examination  an  incision  is  made  through 
the  abdominal  wall  and  water  injected  into  the  abdominal 
cavity,  a  fine  stream  rises  from  the  papilla^  If  the  cannula  is 
introduced  into  the  ureter  the  result  is  the  same.  If  however 
it  is  introduced  into  the  intestine,  nothing  escapes  from  the 
papilla,  but  a  large  stream  from  the  anus  in  front  of  it  The 
conclusions  arrived  at  by  injecting  may  be  further  verified  by 
introducing  bristles,  carefully  guarded  at  the  ends,  into  the 
different  openings.  A  bristle  introduced  into  the  papilla  by 
the  aperture  at  its  apex  may  eater  either  the  ureter  or  the 
abdominal  cavity,  but  never  the  intestine,  unless  undue  force 
is  used.  If  after  having  introduced  a  bristle  from  the  ab- 
dominal cavity  into  the  papilla  one  side  of  the  abdominal  wall 
is  removed — say  the  right  side — the  bristle  will  he  found  . 
passing  through,  not  a  canal  but  a  simple  foramen,  into  a  small 

Fig.  1. 


sinus,  which  it  traverses  to  escape  externally  by  the  aperture  at 
the  apex  of  the  papilla.     The  foramen  represented  in  Fig.  1  c 
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is  not  so  small  as  one  would  expect  from  Yogt  and  Pappenheim's 
description,  being  in  this  case  nearly  two  lines  in  diameter.  It 
is  not  a  tube  formed  by  the  narrowing  of  the  abdominal  cavity, 
for  the  abdominal  cavity  extends  one  line  beyond  and  above 
the  opening,  and  several  lines  below ;  neither  is  it  connected  in 
any  way  with  the  rectum,  being  altogether  posterior  to  it.  It  is 
simply  a  foramen  in  a  membrane  not  more  than  half  a  line 
in  thickness,  by  which  the  abdominal  cavity  communicates  with 
a  sinus  at  the  base  of  the  papilla.  In  the  six  lampreys  which 
I  examined  I  found  this  foramen,  and  without  any  difficulty 
introduced  bristles  through  it,  both  from  the  abdominal  cavity, 
and  vice  verm,  even  after  the  lampreys  had  been  three  months  in 
spirit;  and  in  the  preparation  represented  in  Fig.  1  the  opening 
was  at  once  apparent  on  cutting  into  the  abdominal  cavity. 
In  the  Figure,  besides  this  opening,  a  part  of  the  intestine  and 
kidney  is  represented.  The  intestine  of  the  lamprey  is  a 
straight  tube  which  lies  free  in  the  abdominal  cavity,  except 
near  its  termination,  where  several  ^fine  bands — ^the  remains 
of  the  mesentery — &x.  it  to  the  under  surface  of  the  notochord. 
Lying  at  each  side  of  the  intestine  and  between  it  and  the 
notochord,  is  the  ovary  or  the  testis,  and  externally  lying  close 
to  the  abdominal  walls  are  the  kidneys— one  at  each  side.  The 
right  kidney  is  represented  in  Fig.  1.  The  ureter  runs  along 
the  free  margin  and  ends  about  one-eighth  of  an  inch  from 
the  abdominsd  pore.  On  cutting  into  the  ureter  it  will  be 
found  to  open  into  the  same  sinus  as  the  abdominal  cavity. 

Figure  2  shows  a  section  near  the  middle  line.    The  right 
kidney  and  ureter  along  with  the  right  wall  of  the  sinus,  seen 

Fig.  2. 

<^i  bi 


at  c,  Fig.  1,  has  been  removed.    The  sinus,  as  seen  in  this  sec- 
tion,  is  somewhat  pear-shaped ;  at  the  small  end  is  the  external 
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opening  of  the  papilla;  at  the  base  are  the  openings  of  the 
nreters,  separated  &om  each  other  by  a  thin  membrane ;  and  in 
the  lateral  walls,  nearer  the  base  than  the  apex,  are  the  open* 
ings  of  the  abdominal  cavity — the  abdominal  pore&  Fig.  1  c 
shows  the  pore  of  the  right  side,  and  Fig.  2  c  shows  the  pore  of 
the  left.  Fig.  2  d  indicates  the  opening  of  the  left  ureter.  The 
sinus  is  thus  a  small  chamber  having  the  right  and  left  ureters 
opening  separately  at  its  base  and  the  abdominal  cavity  by  a 
pore  at  each  side.  Through  these  the  urogenital  products 
enter,  and  passing  through  the  sinus  escape  to  the  exterior  by 
the  fifth  and  last  aperture  at  the  apex  of  the  papilla.  We  may 
thus  look  upon  this  chamber  as  a  urogenital  sinus,  differing 
however  from  the  ajrangement  generally  met  with  in  the  ver* 
tebrata  by  having  the  anus  in  front,  the  genital  apertures 
behind  and  inferior. 

The  anus  is  seen  at  a.  Fig.  2,  partly  distended.  The  same 
figure  shows  the  intestine  dilating  about  half  an  inch  from  its 
termination  into  a  rectum,  which  is  attached  both  above  and 
below  to  the  body- wall.  The  rest  of  the  intestine  hangs  free  in 
the  cavity,  except  where  the  narrow  bands,  already  mentioned^ 
bind  it  to  the  notocbord.  There  are  sometimes  not  more  than 
four  such  bands.  The  mucous  membrane  of  the  rectum  and 
last  two  inches  of  the  intestine  is  raised  into  fine  parallel  lon*- 
gitudinaj  folds;  but  the  valve  found  in  the  upper  part  is  no 
longer  visible.  Fig.  1  shows  part  of  the  fold  of  skin  which 
forms  the  elliptical  fossa,  out  of  which  the  papilla  rises.  This 
fossa  is  what  Johannes  KUller  calls  a  "  kind  of  cloaca." 

That  Sir  Everard  Home  was  mistaken  in  supposing  the 
Lamprey  to  be  a  hermaphrodite  animal  has  long  been  well 
known.  Any  one  by  a  careful  examination  of  the  papilla  alone 
can  distinguish  the  male  from  the  female.  In  the  male  the 
papilla  is  long,  conical,  and  curved,  and  the  aperture  at  the 
apex  is  very  small.  In  the  female  it  is  short,  thick,  compressed 
laterally,  and  almost  straight.  On  account  of  its  shortness,  and 
the  fossa  in  which  it  lies  being  much  deeper  than  in  the  male, 
the  apex  seldom  projects  beyond  the  general  surface  of  the 
body;  and  lastly,  there  is  a  large  oval  external  opening.  What 
Sir  E.  Home  believed  about  the  diflFerent  openings  we  are  un- 
able to  say,  partly,  because  the  description  is  very  vague,  and, 
VOL.  X.  33 
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parilyy  on  account  of  the  plates  representing  openings  which 
are  not  to  he  found  in  the  Lampreys  we  have  examined,  and 
of  which  nothing  is  said  in  the  text. 

In  reference  to  what  Miiller  states,  it  is  evident,  from  what 
has  been  akeady  said,  that  the  abdominal  cavity  does  not  open 
by  tubes,  and  even,  although  the  pores  were  capable  of  being 
termed  tubes,  these  would  still  have  no  relation  to  the  rectum, 
for  on  each  side  they  would  be  at  least  one-eighth  of  an  inch 
nearer  the  caudal  extremity  than  the  rectum.  The  opening  of 
the  papilla  Miiller  considei-s  the  abdominal  pore — the  pore 
having  been  drawn  out  to  form  a  tube.  To  prevent  any  mis- 
understanding, it  would  perhaps  be  better  to  speak  of  two 
internal  abdominal  pores  opening  into  a  sinus  which  communi- 
cates with  the  exterior  by  a  single  external  aperture  or  pore  at 
the  apex  of  the  papilla. 

It  is  difficult  to  understand  why  Rathke,  Vogt,  and  Pappen- 
heim  failed  to  discover  the  openings  otherwise  than  by  injecting 
mercury.  Gulliver*  found  them  without  much  difficulty;  and, 
in  Lampreys  distended  with  ova  or  semen,  they  are  generally 
at  once  apparent  on  cutting  into  the  abdominal  cavity.  This 
is  easily  understood  when  we  consider  the  amount  of  stretching 
the  abdominal  walls  undergo  up  to  the  time  the  ova  are  shed. 
The  openings  enlarge  in  the  same  way  as  a  mere  puncture  in  a 
sheet  of  india-rubber  becomes  a  large  foramen  when  the  india- 
rubber  is  expanded.  But  even  in  Lampreys  with  the  abdo- 
minal walls  in  a  relaxed  condition,  on  careful  examination  the 
openings  are  visible  when  looked  at  from  the  cavity  of  the 
sinus ;  and,  when  the  walls  of  the  sinus  are  stretched,  they  be- 
come so  dilated,  that  large  guarded  bristles  can  be  passed 
through  them  into  the  abdominal  cavity. 

From  the  description  given  above  it  will  be  evident  that  in 
the  Lamprey  the  intestine  opens  in  front  of  the  urogenital 
sinus,  but  does  not  communicate  with  it,  that  the  ureters  and 
internal  abdominal  pores  open  into  the  sinus  situated  in  the 
middle  line  immediately  behind  the  rectum,  and  that  this  sinus 
opens  externally  by  a  small  aperture  at  the  apex  of  the 
papilla. 

Since  making  the  above  investigations  I  have  had  the  op- 

^  Proceedings  Zoological  Society,  1870. 
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portunity  of  examining  the  arrangement  of  the  urogenital 
openings  in  the  Myxine,  and  find  them  essentially  the  same  as 
in  the  Lamprey.  The  tubes  described  by  Mliller,  who  specially 
examined  the  Myxine,  lying  along  the  side  of  the  rectum,  I 
have  not  been  able  to  find.  In  the  preparations  dissected,  each 
side  of  the  abdominal  cavity  gradually  diminished  as  it  neared 
the  urogenital  sinus,  and  then,  without  contracting  to  form  a 
canal,  simply  opened  by  a  somewhat  large  aperture  into  the 
sinus  common  to  it  and  the  ureters.  As  in  the  Lampreys,  in 
front  of  this  small  sinus,  and  separated  from  it  by  a  semilunar 
fold,  is  the  anus.  Enclosing  both  is  the  fold  of  skin  which 
forms  the  kind  of  cloaca  of  Miiller.  However,  it  should  be 
borne  in  mind  that,  though  the  fossa  formed  by  this  fold  may 
be  called  a  kind  of  cloaca,  there  is  really  no  communication  be* 
tween  the  rectum  and  the  ureters,  or  between  the  rectum  and 
the  abdominal  cavity. 

The  specimens  which  I  examined  were  procured  by  Prof.  R  Kay 
lAukester  and  dissected  at  his  request  for  the  Zoological  Museum  of 
University  College* 
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THE  LENGTH  OF  THE  SYSTOLE  OF  THE   HEART. 
AS      ESTIMATED     FROM      SPHYGMOGRAPHIC 
TRACINGS.    By  Edgar  Thurston,  of  King's  College, 
.    London, 

Various  observers*  have  in  different  wa3rB  attempted  to  mea- 
sure the  duration  of  the  Ventricular  Systole,  both  absolutely, 
and  relatively  to  the  whole  cardiac  period.  Perhaps  the  most 
important  observations  are  those  of  Bonders',  who  measured 
the  interval  between  the  first  and  second  sounds.  The  con- 
clusions at  which  he  arrived  are  briefly  as  follows: 

In  different  individuals  in  a  condition  of  repose  with  different 
pulse-rates  the  interval  between  the  first  and  second  sounds  \i 
remarkably .  constant,  varying  from  *301  to  '327  seconds  for  ordinary 
pulses.  Relatively  therefore  to  the  whole  cardiac  period  it  is  greater, 
in  the  quick  than  in  the  slow  pulses.  In  the  same  individual,  when 
the  pulse  was  quickened,  as  by  change  of  position,  <bc.,  the  duration 
of  the  interval  was  absolutely  lessened,  as  fbom  '327  to  '298  for  a  rise 
of  from  63*4  to  83 '6  per  minute,  while  the  proportion  of  the  interval 
to  the  whole  cardiac  period  reckoned  as  100,  rose  from  34*8  to  41*5. 

The  following  is  an  attempt  to  determine  the  absolute  and 
relative  duration  of  the  ventricular  systole  by  the  interpreta- 
tion of  sphygmographic  tracings  of  the  radiaJ  artery.  It  is 
of  course  necessary  first  of  all  to  prove  the  precise  nature  of 
the  several  points  observed  in  such  tracings. 

In  all  tracings  of  healthy  pulses,  the  following  main  features  can 
be  readily  distinguished : — a  primary  uprise  nearly  vertical,  followed 
by  a  gradual  line  of  descent,  this  being  interrupted  by  a  well  marked 
secondary  uprise,  termed  the  dicrotic  wave,  from  the  summit  of  which 
the  descent  is  continued  onwards  to  the  commencement  of  the  next 
period.  This  dicrotic  wave  is  a  constant  factor,  in  a  greater  or  less 
degree  of  development,  of  tracings  from  the  radial  artery,  though  it  is 
stated  by  Marey  to  be  present  only  in  some  cases  at  the  wrist.  Fre- 
quently a  swelling  is  seen  on  the  line  of  descent  before  the  dicrotic 
wave,  with  which  it  must  not  be  confounded.  This  is  called  the  tidal 
or  predicrotic  wave,  and  concerning  it,  I  will  borrow  the  words  of 

^  Lndwig,  YalentiB,  Volkmann,  Marey,  Chanveau  and  Landois. 
'  Nederland»ch,  Arch.  v.  Genets  en  Naturkundey  ii.  139  (1865),  translated 
in  fuU  in  Dublin  Quarterly  Journal  of  Medical  Seiencey  Feb.  1868. 
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Dr  Galabin  in  his  article  on  ^Secondary  Palse-wavea*',  in  which  he 
states  that  '^  though  waves  occur  in  the  tracing  which  have  no  sepa- 
rate existence  in  the  pulse,  the  instrument  is  more  clinically  useful 
than  if  it  followed  the  artery  more  closely,  for  slight  differences  in 
form  of  pulse  wave  are  thus  transformed  into  a  form  much  more 
manifest  to  the  eye."  With  this  statement  I  entirely  agree,  for  I 
have  found  by  experience  that  the  determination  of  the  exact  spot  at 
which  the  dicrotic  wave  commences  is,  in  cases  where  that  event  is 
iftot  well  marked,  rendered  an  easy  matter,  since  it  is  indicated  by 
the  termination  of  the  predicrotic  wave,  which,  serves  to  bring  it  out 
with  greater  distinctness  than  would  otherwise  have  been  possible. 

It  was  first  noticed  by  Marey,  and  has  since  been  observed  by 
Dr  Galabin,  that  the  predicrotic  wave  may  be  broken  up  into' two, 
and  this  has,  been  stated  to  be  entirely  due  to  the  secondary  spring 
which  presses  on  the  base  of  the  lever  in  the  old  knife-edge  instru- 
ments: The  instrument  with  which  I  have  always  worked  possesses 
no  such  spring,  but  I  have  in  several  instances  noticed  the  wave  split 
up  in  the  manner  described  by  these  two  authorities. 

With  these  passing  remarks  on  the  predicrotic  wave,  which  do 
not  bear  dii*ectly  on  the  subject  of  the  present  communication,  I 
proceed  to  the  consideration  of  two  important  factors  of  sphygmo- 
graphic  tracings  : — (1)  The  primary  uprise  of  the  tracing  is  caused 
by  the  systole  of  the  ventricle.  (2)  The  dicrotic  notch  is  the  result 
of  closure  of  the  aortic  valves.  This  latter  statement  requires  further 
consideration,  it  being  opposed  to  the  views  entertained  by  some 
physiologists  at  the  present  day ;  but  in  support  of  it  the  following 
proofs  can  be  brought  forward  : — 

a.  From  the  calculation  of  cardio-sphygmograph  tracings,  i.e., 
tracings  taken  simultaneously  from  one  of  the  systemic  arteries  and 
the  apex  of  the  heart,  it  has  been  shewn 'that  the  dicrotic  wave  occurs 
precisely  the  same  time  after  the  closure  of  the  aortic  valves  that  the 
primary  uprise  occurs  after  the  commencement  of  the  systole  of  the 
ventricle. 

6.  It  cannot  be  a  secondary  result  of  the  primary  shock,  as  there 
are  many  reasons  for  the  assumption  that  the  blood-vessels  not  being 
exposed  tubes  do  not  develope  minor  undulations,  such  as  are  found 
in  experiments  with  elastic  tubes.  It  is  evident  that  though  the 
arteries  are  possessed  of  definite  wialls,  these  are  from  a  hydrodynami* 
cal  point  of  view  formed  by  all  the  tissues  between  their  inner  coats 
and  the  surface  of  the  body,  the  thus  formed  compound  walls  damp- 
ing from  within  outwards  any  undulations  transmitted  to  their 
tissues  by  their  contained  blood.  This  continual  damping  reduces 
the  shock,  and  thus  reduces  the  tendency  to  the  formation  of  second- 
ary waves. 

A  careful  analysis  of  the  results  arrived  at  by  Bonders,  and 
a  comparison  of  them  with  measurements  of  sphygmographic  tracings, 
tend  to  throw  great  light  on  the  true  nature  of  the  dicrotic  wave. 

^  Joum.  Anat,  and  Phyt,,  Nov.  1873. 
•  Froc,  Boy.  8oc.  1871,  p.  318. 
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According  to  Donders^  the  length  of  interval  between  the  first  and 
second  sounds  in  a  state  of  rest  occupies  from  0*309  to  0*327  of  a 
second.  In  one  instance  with  a  pulse  of  average  rapidity,  i,e,  67  per 
minute,  the  interval  between  the  primary  and  dicrotic  rises,  which  I 
shall  in  future  call  the  first  part  of  the  beat,  was  found  by  measure- 
ment to  be  contained  2*8  times  in  each  period,  and  occupied  therefore 
'310  of  a  second,  while  in  a  pulse  of  73  per  minute  it  occurred  2*6 
times  in  each  period,  occupying  *316  of  a  second.  The  following 
short  Table  is  copied  from  ^e  paper  by  Bonders,  to  which  reference 
haa  been  already  made :-« 

Table  I. 


Pnlserate. 

PoBltton. 

Length  of  Systole. 

In  per  cent,  of  the 
whole  period. 

In  eetonds. 

63*4 
83-6 

Sitting. 
Standing. 

84-8  (40*6  auct,) 
41 'S 

0*827 
0-298 

Subjoined  are  the  results  arrived  at  by  myself  from  the  estimation 
of  sphygmographic  tracings  with  similar  rapidities  of  pulse  :— 

Table  IL 


Pulse  rate. 

Position. 

Fkst  part  of  the  period. 

In  p&[  cent,  of  the 
whole  periocU 

--> 
In  seconds. 

64 
84 

Sitting. 
Sitting. 

84*6 
41*8 

0*823 
0-295 

These  numbers,  derived  from  two  entirely  different  methods  of  in- 
vestigation, agree  so  closely  that  they  must  be  considered  not  as  mere 
coincidences,  but  as  a  positive  indication  that  the  dicrotic  wave  cor- 
responds to  the  moment  of  closure  of  the  aortic  valves. 

Professor  A.  H.  Garrod*  has  stated  his  conclusions  derived  from 
the  comparison  of  a  large  number  oi  sphygmographic  tracings  in  the 
form  of  a  proposition,  viz: — "The  length  of  interval  between  the 
commencement  of  the  primary  and  dicrotic  rises  is  constant  for  any 
given  pulse  rate,  and  varies  as  the  cube  root  of  the  pulse  rate,  being 

found  from  the  equation,  ojy  =  ^7^x,  where  47  is  a  constant  number, 
X  =  the  pulse  rate,  and  y=the  ratio  borne  by  the  above-named  part 
to  the  whole  beat." 

»  Proc.  Boy.  Soc.  1870,  p.  861 ;  1876,  p.  142. 
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This  proposition  is  stated  to  be  true  not  only  of  the  radial,  but 
aldo  of  the  carotid  and  posterior  tibial  arteries,  and  the  length  of  the 
interval  is  therefore  constant  throughout  the  larger  arteries. 

It  appears,  therefore,  that  there  are  two  important  theories  as  to 
the  length  of  the  systole  of  the  yentricle,  one  authority  baaiDg  his 
views  on  the  investigation  of  the  cardiac  sounds,  and  the  other  on  the 
examination  of  sphygmographic  tracings.  By  both  theories  it  is 
allowed  that  the  shorter  the  period  is,  i,e,  the  more  rapid  the  pulse, 
the  greater  is  the  proportion  occupied  by  the  systole  to  the  whole 
beat.  But  with  regard  to  the  actual  time  occupied  by  the  systole, 
whereas  Donders  believes  that  it  occupies  from  0*309  to  0'327  of  a 
second,  continuing  tolerably  equal  with  different  rapidities  of  pulse, 
Professor  A.  H.  Garrod  maintains  on  the  contrary  that  it  varies  as 
the  cube  root  of  the  pulse  rate. 

With  a  view  of  proving  or  disproving  the  correctness  of  the 
statement  that  the  length  of  systole  varies  as  the  cube  root  of 
the  pulse  rate,  I  have  been  engaged  during  the  past  six  months 
in  a  series  of  investigations  of  sphygmographic  tracings. 

The  form  of  instrument  used  in  all  cases  was  the  rack- 
work  modification,  as  made  by  Brequet  of  Paris.  The  tracings 
\^ere  taken  on  highly  glazed  card,  coated  with  a  thin  film  of 
Boot,  by  passing  it  through  the  flame  of  a  composite  candle, 
and  afterwards  varnished  with  ordinary  spirit  varnish.  The 
frame  supporting  the  card  ran  its  full  distance  in  7  seconds ; 
consequently  by  multiplying  the  number  of  periods  that  oc- 
curred in  a  single  tracing  by  8*57143,  the  rapidity  of  the  pulse 
per  minute  was  arrived  at.  The  measurements  of  the  tracings 
were  made  with  an  ordinary  springbow,  the  distance  betweea 
the  points  of  which  can  be  varied  by  means  of  a  screw. 

If,  as  is  usually  the  case,  the  commencement  of  the  primary 
and  dicrotic  rises  are  at  a  different  level  on  the  tracing,  the 
length  of  the  first  part  of  the  beat  cannot  be  measured  by 
simply  superimposing  the  springbow  on  the  tracing,  but  lines 
must  be  drawn  upwards  from  the  commencement  of  each 
period.  It  is  found  in  practice  exceedingly  inconvenient  to 
describe  lines  on  the  tracing  with  the  lever  of  the  instrument, 
for,  in  addition  to  the  fact  that  it  is  not  an  easy  matter  to 
arrest  the  motion  of  the  clockwork  at  the  precise  moment 
when  the  tip  of  the  lever  is  opposite  the  commencement  of 
a  period,  this  process  necessitates  an  extra  strain  on  the 
machinery.      If  simply  vertical  lines  are  projected  upwards, 
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the  systole  is  represented  as  being  shorter  than  it  really  is, 
owing  to  the  fact  that  the  lever  moving  about  an  axis  describes 
the  arc  of  a  large  circle.  To  obviate  this  diflSculty,  a  simple 
piece  il  apparatus  was  devised  by  Professor  Garrod,  which 
I  have  found  of  great  value.  This  consists  of  a  strip  of  wood 
attached  to  a  wooden  base,  against  which  the  tracing  rests. 
Into  the  base  is  fixed  a  screw  in  such  a  position  that  it  is 
exactly  the  same  height  above  the  trace-supporting  piece  of 
wood,  that  the  axis  of  the  lever  is  above  the  summit  of  that 
portion  of  the  sphygmograph  which  contains  the  clockwork. 
A  strong  needle  is  threaded  with  a  piece  of  cotton  of  the  same 
length  as  the  lever,  which  is  attached  by  its  opposite  end  to 
the  screw,  the  point  of  the  needle  passing  through  a  knot  in  a 
ipiece  of  string  of  similar  length,  which  is  likewise  attached 
around  the  screw;  with  this  simple  contrivance  lines  can  be 
drawn  on  the  tracing,  corresponding  accurately  to  those  which 
would  be  described  by  the  lever. 

In  all  cases  the  proportion  was  taken  in  each  period  of  the 
tracing  of  the  relation  of  the  first  part  to  the  whole  beat,  and 
an  average  found  for  the  whole  tracing,  as  slight  differences 
in  this  respect  may  be  found  to  exist  in  individual  periods,  due 
to  trifling  imperfection  in  the  clockwork,  which  should  be 
wound  up  to  its  full  extent  before  taking  an  observation,  and 
also  to  the  effects  of  the  respiratory  movements  on  the  circula* 
tion.  I  have  frequently  noticed  that  persons  not  accustomed 
to  the  application  of  the  sphygmograph  to  their  arteries  in- 
voluntarily hold  their  breath  while  the  tracing  is  being  taken. 
This  should  however  be,  if  possible,  avoided,  inasmuch  as  the 
cardiac  movements  are  thereby  affected* 

In  a  pulse  of  72  per  minute  the  measurements  of  the  first 
part  of  the  beat  were  aa  follows  in  each  period  of  the  tracing : 
2-6;  26;  2*7;  2-66;  275;  2*66;  275;  2-66;  283;  275; 
2*66 ;   275 ;    with  an  average  of  2*69. 

In  determinations  of  the  pulse  rate,  the  most  accurate 
method  is  to  take  the  mean  of  the  rate  as  deduced  from  the 
actual  tracing,  and  as  calculated  in  the  ordinary  manner  at  the 
wrist  immediately  before  or  after  the  experiment. 

If  a;  =  the  pulse  rate,  and  y  —  the  number  of  times  that  the 
.first  part  is  contained  in  a  whole  beat,  the  part  of  a  minute 
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which  is  occupied  by  the  first  part  is  evidently  represented  by 

the  expression  — ,  and  it  has  been  already  stated,  that,  ac- 

cording  to  the  view  entertained  by  Professor  Garrod,  xy  =  ^IJ^: 
It  should  be  possible,  therefore,  if  this  equation  is  correct,  to 
determine  the  time  occupied  by  the  first  part  of  the  beat  by 
multiplying  the  cube  root  of  the  pulse  rate  by  the  constant 
number  47. 

The  following  Table  contains  some  of  my  results  obtained 
from  measurements  of  tracings  of  the  radial  artery,  to  which 
alone  my  attention  has  been  confined,  the  rapidity  of  pulse 
being  indicated,  as  also  the  actual  length  of  time  occupied  by 
the  first  part  of  the  beat  estimated  by  (1)  measurement  with 

8 

a  springbow,  (2)  calculation  from  the  equation  ajy  =  47  - . 


Tablb  m. 


Pulse  rate. 

Length  of  first  part  of  beat. 

Calcnlated  from 

retermined  by 

X*                              J»   8/"^ 

actual  measnrement. 

equation  x\j = 47 v« 
(approximately). 

47 

•3468  of  a  second 

•3378  of  a  second 

60 

•317            „ 

•821            „ 

70 

•810            „ 

•8102          „ 

72 

•3108          H 

•8072 

84 

•300            „ 

•294            „ 

85 '6 

•2898          M 

•292 

90 

•286            „ 

•283            „ 

128 

•2556          „ 

•2592           „ 

In  the  consideration  of  the  results  contained  in  the  above 
Table,  it  must  of  course  be  borne  in  mind  that  the  actual 
measurements  are  subject  to  a  certain  amount  of  experimental 
error,  but  they  cling  so  closely  to  the  calculated  results  as  to 
prove  conclusively  that  the  length  of  the  first  part  of  the  beat 
does  really  vary,  and  that  it  varies,  not  as  rapidly  as  the  pulse- 
rate,  but  a0  its  cube  root. 

It  must  not  be  supposed,  however,  that  the  variation  in  the 
length  of  systole  with  different  pulse  rates  is  capable  only  of 
demonstration  by  mathematical  calculation,  for  it  requires  no 


500 


MB  THT7BST0K* 


very  minute  power  of  perception  to  recognize  with  the  nnaided 
eye^  by  comparison  of  a  series  of  tracings  of  various  rapidities 
of  pulse^  that  the  first  part  of  the  beat  occupies  a  considerably 
greater  length  of  time  in  slow  than  in  rapid  pulses. 

With  regard  to  the  relative,  in  contradistinction  to  the 
absolute,  length  of  the  first  part  to  the  whole  period,  I  have 
arranged  the  results  of  my  investigations  in  connection  with 
this  point  in  a  tabular  form,  the  rapidity  of  pulse  being  indi- 
cated, as  also  the  actual  relation  determined  by  measurement 
of  tracings,  and  the  relation  which  should  exist  if  the  equation 
ay » 47  V^  is  true ;  and  the  truth  of  this  equation  is,  in  my 
opinion,  proved  beyond  all  doubt.  The  results  were  not  ob« 
tained  hom  a  single  individual,  but  &om  a  number  of  diiBferent 
persons  between  the  ages  of  18  and  35,  by  which  it  is  shewn 
that  the  law  is  in  a  state  of  health  a  universal  one,  and  not 
merely  an  exceptional  coincidence  of  occasional  occurrence. 


Table  IV. 


PtLUerate. 

• 

Batio  of  first  part  to  whole  period. 

^m             4   V 

■    ■■  ■                   ■» 
Calculated  from 

Found  by 
meastirement. 

equation  xy^^ilijx 
(approximately). 

43 

8'81 

3-8 

ditto 

3-87 

ditto 

47 

8*68 

3*63 

60 

3-15 

312 

66 

2-9 

2-9 

70 

2-76 

2-76 

ditto 

2-72 

ditto 

72 

2-713 

2-7 

72-6 

2-693 

2-692 

ditto 

2-707 

ditto 

78 

2-51 

2-56 

84 

2-42 

2-4 

85-6 

2-4 

2-38 

90 

2-885 

2-25 

ditto 

2-24 

ditto 

93*5 

2-29 

2-2 

137 

1-8 

1-8 

I  must  now  dwell  briefly  on  a  point,  on  which  great  stress 
is  laid  by  some  of  the  opponents  of  the  views  which  I  have 
just  held  out.  They  would  ask.  Is  it  possible  to  measure  the 
tracing  with  such  a  degree  of  accuracy  as  to  obtain  such  figures 
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as  2'693  or  2*76?  Further,  Can  one  distinguish,  between  3*2 
and  3'33  or  between  2'7  and  275  ?  To  such  questions  I  reply, 
that,  in  every  case  in  which  the  commencements  of  the  primary 
uprise  and  dicrotic  notch  are  sharply  defined,  it  is  quite  pos- 
sible to  calculate  the  number  of  times  that  the  first  part  is 
contained  in  a  whole  period  to  one,  if  not  two,  places  of  deci- 
mals, for  by  continued  practice  and  delicacy  of  manipulation 
exceedingly  small  variations  can  be  detected. 

It  will  be  observed,  however,  that  in  some  instances  the  cal- 
culations have  been  extended  to  a  third  place  of  decimals,  this 
being  derived  from  the  calculation  of  the  average  of  the  different 
periods,  and  not  from  actual  measurement.  An  example  will 
serve  best  to  iUustrate  this  latter  statement.  In  one  instance, 
with  a  pulse  of  137  per  minute,  the  measurements  of  the  indi- 
vidual beats  ran  as  follows :  1*75,  1*8,  1*75 ;  with  an  average 
of  1-766. 

Finally,  tibe  conclusion  at  which  I  have  been  led  to  ar- 
rive is: — 

That  the  law  enunciated  by  Professor  Qarrod — ^to  the  effect 
that  the  length  of  the  systole  of  the  heart,  as  indicated  in  the 
radial  artery,  is  constant  for  any  given  pulse  rate,  and  varies  as 
the  cube  root  of  the  rapidity — ^is  the  correct  expression  of  the 
length  of  the  systole  as  transmitted  to  the  human  wrist 


ON  THE  MODE  OF  OVIPOSITION  OF  AMPHIOXUS. 
By  a.  Milnes  Marshall,  B.A.,  B.  Sc,  Demonstrator  of 
Comparative  Anatomy  in  the  University  of  Cambridge. 

(From  the  Zoological  Laboratoiy,  Cambridge.) 

Only  two  observers  have,  so  far  as  I  am  aware,  actually  wit- 
nessed the  act  of  oviposition  in  Amphioxus;  and  their  state- 
ments as  to  the  orifice  by  which  the  ova  leave  the  body  of  the 
female  are  directly  opposed  to  one  another. 

Quatrefages^  states  that  he  has  several  times  witnessed  the  exit  of 
f>va  from  the  abdominal  pore.  Kowalevsky',  on  the  other  hand,  in 
his  memoir  on  the  development  of  Amphioxus,  states  that  he  saw 
the  ripe  ova  extruded  from  the  mouth  of  the  female.  This  account 
has  not  been  generally  accepted  by  naturalists,  and  has  never,  I 
believe,  been  confirmed  by  direct  observation ;  while  its  eorrectnesa 
^as  been  called  in  question  by  some  of  the  most  recent  writers  on 
the  subject.  Thus  Stieda,  in  his  Studien  ilber  Amphioxus',  rejects 
Kowalevsky's  account  because  he  could  find  no  communication 
between  the  branchial  sac  and  the  atrial  cavity  of  sufficient  size  to 
idlow  the  passage  of  the  ova.  Prof.  Wilhelm  Mttller^  considers 
Kowalevsky's  statement  refuted  by  '^a  simple  comparison  of  the 
diameter  of  the  ova  and  of  the  branchial  clefls;"  the  latter  being, 
according  to  him,  far  too  small  for  the  ova  to  pajss  through.  On  the 
other  hand,  Prof.  Lankester^  considers  that  "  the  branchial  slits  are 
not  too  fine  for  the  passage  of  the  ova,'*  and  that  ''  the  ova  probably 
do  escape  by  the  mouth,  or  else,  and  more  probably,  by  the  two 
apertures  placed  one  on  each  side  of  the  mouth,"  which  he  has 
named  *'  hyoidean  apertures." 

From  an  examination  of  a  series  of  sections  lately  prepared 
by  Mr  A.  Sedgwick  of  Trin.  Coll.,  in  the  course  of  the  class-work 
of  the  Zoological  Laboratory  of  the  University  of  Cambridge, 
I  am  enabled  to  conBrm  Kowalevsky's  statement,  and  to 
supplement  it  by  some  details  which  I  think  will  prove  of 
interest. 

1  Annalet  des  Science$  NaturelUs.     Scrie  3.     Tome  4.     1845. 

•  Memoir €9  de  VAcad.  Imp,  de  St  Petersbourg.     Tome  11.     1867. 

*  Memoires  de  VAead.  Imp,  de  St  Petersbourg,    Tome  19.    1873* 
«  JenaUche  Zeitsehrift.    Bd.  9.    1875. 

'  Quart,  Journal  of  Micros,  Science,    July,  1875. 
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The  (^tecimens  were  procarert  at  Naples  from  the  Zoological 
Station  established  there  by  Dr  Dohrc,  aod  were  taken  at  a  time 
of  year — the  commencement  of  May — when  the  act  of  oviposi'- 
tion  was  being  carried  on  actively. 

At  the  time  of  full  development  of  the  ova  the  orariea 
swell  very  considerably.  The  ova  are  dischai^ed  from  the 
ovaries  into  the  atrial  cavity,  where  tbey  lie  for  the  most  part 
in  the  space  between  the  ovaries  of  the  two  sides'. 

The  enlarged  ovaries  and  the  escaped  ova  together  form 
a  bulky  and  tightly  packed  mass,  which  not  only  distends  the 
ventral  wall  of  the  atrial  cavity,  so  as  to  smooth  out  the  plaits 
of  the  ventral  integument  and  almost  obliterate  the  meta- 
pleural  cavities  (in  the  manner  described  by  Frof.  Lankester^, 
but  also  pushes  up  the  ventral  wall  of  the  pharynx,  doubling 
it  up  against  the  dorsal  wall  in  such  a  manner  as  to  reduce  the 
cavity  of  the  pharynx  to  a  comparatively  narrow  slit,  as  shown 
in  the  annexed  figure. 


TjTsiiBTene  Beotion  through  anterioi:  part  ol  phuTai,  jast  behind  the  point 
at  irbioh  the  oTariee  commenoe,  shoiring  ova  paseing  into  phtUTiix.  a,  dorBal 
trail  of  pharynx,  i,  donbled-up  ventral  wall  of  pharynx.  The  hranehial  bus  are 
■een  to  be  ent  more  obliqnel;  in  the  ventral  than  the  dorsal  wall,  c,  ovary. 
d,  ova  lying  free  in  atrial  cavity,    t,  ova  that  have  paseed  into  pharynx. 

<  The  preaenoe  of  free  ova  in  the  atrial  Cavity  seema  to  have  been  first 
noticed  by  BetziuB  in  his  account  ol  AmphioxDB  in  the  UonaUbvntht  der 
Serlin.  Aeademie  dir  WU$etucha,/ltn,  November,  1839. 
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The  continued  pressure  from  below  causes  the  ova  to  pass 
into  the  pharynx  through  the  branchial  slits  of  its  doubled-up 
ventral  wall.  This  doubling-up  of  the  ventral  waU  takes  place 
through  a  considerable  length  of  the  pharynx :  posteriorly,  it 
commences  at  a  short  distance  behind  the  anterior  end  of  the 
hepatic  cascum ;  it  then  extends  forwards  through  the  whole 
of  the  anterior  half  of  the  pharynx,  except  at  the  extreme 
anterior  end,  where  it  is  lost,  and  the  ventral  wall  of  the 
pharynx  is  almost  in  contact  with  the  ventral  wall  of  the 
atrial  cavity. 

The  passage  of  ova  into  the  pharynx  takes  place  through 
the  branchial  slits  of  this  doubled-up  ventral  wall  alone.  The 
majority  of  the  sections  through  the  anterior  half  of  the  pharynx 
show  ova  in  the  act  of  passing  through  the  ventral  wall,  but 
none  can  be  seen  entering  through  the  dorsal  wall,  though 
detached  ova  often  occur  between  the  lateral  parts  of  the  dorsal 
wall  and  the  atrial  walls. 

It  is  worthy  of  notice  that  while  in  the  dorsal  and  lateral 
walls  of  the  pharynx  a  large  number  of  branchial  bars  are  cut 
through  in  transverse  sections,  owing  to  the  branchial  bars 
sloping  from  above  backwards  as  weU  as  downwards,  yet  in 
the  doubled-up  ventral  wall  a  much  smaller  number  are  cut 
through — ^usually  only  three  or  four.  This  is  due  to  the 
pushing  up  of  the  ventral  wall  of  the  pharynx  by  the  accu- 
mulated ova  taking  place  from  behind  as  well  as  from  below, 
so  that  in  the  ventral  wall  the  branchial  bars  ultimately  lie 
almost  completely  tranversely,  instead  of  obliquely.  This  will 
manifestly  tend  to  widen  the  branchial  slits  and  so  facilitate 
the  passage  of  the  ova  through  them. 

It  must  then,  I  think,  be  regarded  as  established  that  the 
ova  do  pass  from  the  atrial  cavity  through  the  branchial  slits 
into  the  pharynx.  Ova  occur  in  tolerable  abundance  in  the 
anterior  part  of  the  pharynx  in  front  of  the  commencement 
of  the  ovaries ;  but  whether  the  actual  egress  of  the  ova  takes 
place  through  the  mouth,  or  through  the  "  hyoidean  apertures*' 
at  each  side  of  the  mouth  (as  suggested  by  Lahkester),  I  have 
been  unable  to  determine. 

It  is  quite  possible,  however,  that  the  ova  may  also  escape 
in  part  through  the  abdominal  pore.     In  the  specimens  I  have 
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examined  I  have  never  detected  free  ova  in  the  atrial  cavity  in 
the  immediate  neighbourhood  of  the  abdominal  pore :  but 
Quatrefages'  statement^  that  he  has  several  times  witnessed 
the  egress  of  ova  from  the  abdominal  pore»  is  so  positive,  that 
we  must,  for  the  present,  assume  that  the  ova  may  escape 
through  the  abdominal  pore  as  well  as  through  the  mouth. 

^  Loc,  eit.  p.  207. 


ON  THE  STRUCTURE  OF  THE  SNAIL'S  HEART.    By 

Francis  Darwin,  M.B.  (Cantab.). 

In  the  important  research  "On  the  Behaviour  of  the  Hearts  of 
MoUusks*"  by  Dr  Michael  Foster,  and  Mr  Dew  Smith,  the 
anatomy  of  the  organs  studied  was"  necessarily  rather  briefly 
dealt  with.  Dr  Foster  suggested  Uiat  I  should  undertake  the 
investigation  of  the  histology  of  the  snail's  heaiii ;  the  present 
unfortunately  very  imperfect  note  gives  the  result*. 

The  main  anatomical  isuct  stated  hy  them  is  that  the  snaiFs  heart 
is  destitute  of  aatomatic  nervous  mechanism,  and  is  not  connected 
with  the  central  nervous  system  in  any  way'.  This  statement  I  can, 
as  far  as  my  work  goes,  confirm;  I  have  searched  carefully,  but  in 
vain,  for  ganglion  cells,  both  by  staining  with  chloride  of  gold,  and 
also  with  picrocarminate  of  ammonia,  which  brings  out  the  nuclei  of 
the  ganglia  of  the  central  nervous  system  very  brightly.  Nor  can  I 
trace  any  nerve  passing  into  the  heart.  The  only  reasons  which 
render  it  at  all  probable  that  the  heart  may  possibly  have  some  kind 
of  nervous  mechanism,  are  the  following^ : 

.  (i)  A  nerve  leaves  the  suboesophageal  splanchnic  ganglion  and 
travels  along  the  aorta  towaa*ds  the  heart.  I  was  unable  to  make 
out  how  this  nerve  terminated;  the  innumerable  branching  muscle- 
cells  of  curiously  nerve-like  aspect  rendering  the  task  diificult.  It 
is  possible  that  it  may  be  merely  distributed  to  the  branches  of  aorta 
like  a  nerve  described  by  Albany  Hancock^  in  Ommastrephes  (Loligo). 

(iL)  A  nervous  supply  to  the  heart  is  known  to  exist  in  some 
Mollusca :  Keferstein'  describes  a  nerve  supplying  the  heart  in 
Tergipea  edtocMrdsii  (from  Nordmann,  1845).  Lacaze-Duthiers^  de- 
scribes a  branch  from  the  brancho-genital  ganglion,  supplying  the 
heart  in  Pleurobranchus.  Albany  Hancock"  describes  and  figures 
two  ganglia  at  the  apex  of  the  heart  in  Boris  Puherculata,     The  same 

^  Proceedings  of  Royal  Society^  No.  160^ 

>  I  have  the  pleasure  of  thaiUdng  Dr  Elein  for  the  kind  manner  in  which 
he  has  helped  me  with  his  valuable  advice  and  opinion. 

'  Loe,  eit.  p.  820. 

*  Mr  Bomanes  has  shown  {Proe,  Boy,  Soc.  No,  166),  thatineertaia  MednssB  the 
removal  of  the  margin  of  the  nectocalyz  completely  prevents  the  occurrence 
of  spontaneous  rhythm  in  the  mutilated  remnant ;  hut  that  "  the  smallest 
atom  of  this  (the  margin)when  left  in  situ  is  frequently  sufficient  to  animate 
the  entire  nectocalyx.**  with  this  fact  hefore  us,  we  must  he  cautious  how  we 
build  on  the  negative  evidence  whixsh  would  declare  the  snail's  heart  to  be 
devoid  of  nervous  mechanism. 

*  Annals  and  Mag,  of  Nat.  Hut,  x,  1852,  p.  8. 
«  Tkierreich,  B.  in.  Tab.  60. 

'  Quoted  in  Thierreich,  B.  m.  p.  726. 

>  Albany  Hancock,  Phil,  Trans,  1862. 
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anihor  ^  describes  a  large  ganglion  on  the  pericardium  in  Ommastre- 
phes  (Loligo),  which  supplies  the  sjjsjbeuiic  heart  and  ol^er  parts  of 
the  vascular  system. 

My  observations  have  been  almost  entirely  confined  to  the 
heart  of  Helix  pomatia;  from,  what  I  have  seen  of  that  of  the 
small  garden  snail  I  believe  the  structure  to  be  the  same  in 
both.  The  fiuperficially  placed  pericardial  sac  which  contains 
the  heart  is  situated  between  the  kidney  and  the  respiratory 
membrane.  The  pericardium  is  said  by  Keferstein'  to  be  mus^ 
cular,  and  is  lined  by  a  beautiful  endothelial  mosaic  of  cells. 
The  heart  consists  of  two  cavities;  a  globular  auricle  which 
receives  the  pulmonary  vein,  and  a  conical  ventricle,  the  apex 
of  which  is  continuous  with  the  main  artery  of  the  body  or 
"aorta".  The  two  cavities  communicate  by  a  small  orifice 
guarded  by  a  pair  of  vezy  efficient  semilunar  valves,  projecting 
into  the  cavity  of  the  ventricle.  The  contractile  tissue  of  the 
heart  consists  of  uumistakeable  striated  muscle. 

I  was  not  aware  until  I  had  completed  my  research,  that 
Gegenbaur'  concluded  that  the  tissue  of  the  heart  in  the  Polmono- 
gasteropoda  is  analogous  with  true  striped  muscle;  he  does  not  give 
any  details  on  the  subject,  basing  his  opinion  on  general  grounds. 
Leydig*  however  has  described  and  figured  the  striated  muscle 
composing  the  heart  of  Faludina  vivipa/ra,  Keferstein'  merely  states 
that  the  snail's  heart  is  composed  of  very  granular  muscle.  Neither 
Weismann,  Boll,  Schwalbe,  or  Margo  appear  to  have  studied  the 
heart  of  the  Gasteropoda.  The  following  instances  of  striated  cardiac 
tissue  in  the  MoUusca  may  be  worth  mentioning; — ^Miiller'  (quoted 
by.  Margo) :  branchial  heai*ts  of  Cephalopoda  (this  tissue  has  been 
carefully  described  and  figured  by  BoH'). — ^Margo':  heart  of  Anodon, 
faint  striation. — Eay  Lankester^ :  the  extraordmary  two-celled  heart 
of  Appendicularia. 

To  return  to  the  snail's  heart:  the  muscle  is  composed  of 
elongated  spindle-shaped  cells  closely  superimposed  and  very 
intimately  attached  to  each  other.  Without  careful  examination 
the  cellular  structure  is  not  observable,  and  one  merely  sees 

^  Annals  and  Mag.  of  NaL  Hist,  z.  1862,  p.  10. 

*  Thierreichy  Bd.  ni.  p.  1206. 

s  Siebold  and  KoUikor's  Zeitschrift,  Bd,  iii.  p.  869« 

*  Siebold  and  Eolliker*8  Zeitschrift,  Bd.  u. 

*  Thierreieh,  Bd.  xii.  p.  1206. 

«  Siebold  and  EoUiker's  ZeitsehHfty  1853. 

''  Max  Sohultze's  Archiv^  Bd.  ▼.  Supplement. 

»  Wien,  Siuunggb.  Bd.  89.  »  Quart.  Jl  of  Micros.  Sc,  1874. 
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bundles  of  parallel-walled  fibres  of  about  -0022  mm.  in  diameter. 
In  Paludina,"  Leydig*  points  out  the  difference  between  the 
ordinary  body  muscles  and  those  of  the  heart.  In  Helix  also 
the  fibres  of  one  of  the  buccal-mass  retractors  (for  instance)  are 
much  stronger,  less  granular,  broader,  and  more  easily  isolated, 
than  those  of  the  heart. 

In  some  specimens  the  striation  is  perfectly  clear,  distinct 
light  and  dark  bands  alternating  with  each  other  with  perfect 
regularity.  In  others  again  the  muscle  cells  appear  simply 
granular  with  Hartnack  No.  8  and  9.  Between  these  two 
extremes  intermediate  conditions,  faintly  striated  and  half- 
granular  half-striated,  may  be  found.  These  cells  exhibit  the 
transition  from  smooth  to  striped  muscle  which  was,  I  believe, 
first  pointed  out  by  Bowman*,  and  has  been  well  described  by 
Boll*.  The  muscle  elements  contain  an  oval  nucleus  occupying 
the  broadest  portion  of  the  cell.  I  have  not  observed  the  "  Axen- 
strang"  or  axial  chain  of  granules  figured  by  Boll*  in  the  cardiac 
muscle  of  Octopus,  nor  have  I  made  out  the  branching  of  the 
fibres  mentioned  by  Leydig*. 

In  the  muscles  of  Anodon,  Margo*  has  shown  that  the 
striation  depends,  as  in  vertebrate  muscle,  on  the  alternation  of 
isotropous  and  anisotropous  substances.  Through  the  kindness 
of  Dr  Klein  I  have  been  enabled  to  examine  the  snail's  cardiac 
muscle  with  polarised  light.  I  did  not  attempt  to  repeat 
Marge's  observation,  but  the  examination  of  unstained  sections 
between  crossed  Nicolls  proved  distinctly  that  the  muscle  of  the 
snail's  heart  resembles  vertebrate  muscle  in  being  uniaxial^ 
with  the  axis  parallel  to  the  direction  of  the  muscle  cells. 

The  arrangement  of  the  larger  bundles  into  which  the 
muscle  is  massed,  offers  no  points  of  interest.  The  ventricle 
laid  open  shows  them  passing  in  all  directions,  and  interlacing 
in  an  elaborate  and  irregular  manner.  The  valves  are  attached 
to  the  opening  by  the  continuity  of  their  fibres  with  those  of 
both  chambers  of  the  heart. 

The  connective  tissue  of  the  organ  presents  a  few  points  of 
interest.  The  substance  which  unites  cell  to  cell  stains  brightly 
in  chloride  of  gold,  and  also  comes  out  with  nitrate  of  silver; 

1  Loc.  ciL  •  Cycl,  Anat.  and  Phys,  m.  514,  619. 

"  Loc.  ciU  <  Loc,  ciU  *  Loc.  cit.  (Wieiier  Sitz.  39). 
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portions  of  the  valve  stained  with  this  reagent  exhibit  the  elon- 
gated  muscle  cells  marked  out  with  dark  lines. 

Sections  of  the  heart  stained  with  haematoxylin  present  a 
curiously  dotted  appearance  under  a  low  power;  this  is  chiefly 
due  to  the  connective-tissue  corpuscles  with  which  the  muscle 
abounds.  These  bodies  are  about  *009  mm.  in  diameter,  and 
contain  a  large  nucleus  embedded  in  a  scanty  protoplasmic  body 
which  stains  in  chloride  of  gold.  They  are  often  pyriform  in 
shape,  and  may  be  seen  in  profile  projecting  from  the  side  of  a 
muscular  bimdle;  or  sending  fine  processes  to  be  intimately 
distributed  among  the  muscle  cells. 

The  connective  tissue  is  remarkably  developed  towards  the 
periphery  of  the  heart.  If  the  external  surface  is  stained  with 
nitrate  of  silver,  a  mosaic  work  of  polygonal  cells  becomes  ap- 
parent. In  sections  or  teased  preparations  this  structure  is 
found  to  consist  of  closely  packed  pyriform  connective-tissue 
corpuscles,  whose  larger  extremities  are  directed  outwards.  Dr 
Foster  and  Mr  Dew  Smith  mention  this  structure  as  an  "ex- 
ternal tesselated  epithelium ^"  The  cells  composing  it  are  firmly 
attached  to  each  other,  and  can  be  torn  ofiF  in  strips  which  do 
in  fact  exactly  resemble  a  tesselated  epithelium.  Leydig'  de- 
scribes and  iSgures  the  keart  of  Paludina  as  covered  by  an 
epithelium  of  simple  rounded  cells.  In  Helix  the  constituent 
cells  differ  from  those  described  by  Leydig  in  being  connected 
together  by  their  processes.  In  some  sections  I  have  observed 
a  kind  of  honeycomb-tissue,  the  bodies  of  the  cells  having  fallen 
out  of  the  meshes  in  which  they  were  contained. 

If  one  of  the  epithelium-like  strips  torn  from  the  external 
surface  be  examined  with  its  internal  surface  upwards,  the 
curious  arrangement  of  the  muscles  at  the  periphery  of  the 
heart  may  be  observed.  Muscular  bundles  are  seen  fraying 
out  into  beautiful  fans,  the  fibres  losing  themselves  among  the 
mosaic  of  cells.  I  am  unable  to  say  what  the  exact  connection 
between  the  cells  and  the  muscle  fibres  is;  I  have  never  seen 
them  actually  terminate  in  the  processes  of  the  connective- 
tissue  cells  in  the  manner  described  in  the  frog's  tongue'.  From 
the  fact  of  their  losing  themselves  among  the  cells  it  is  clear 

1  Loc,  cit.  p.  820.  •  Loe.  cit, 

■  Handbook  for  the  Phi/siolog.  Laboratory,  p.  62. 
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that  the  muscles  do  not  all  form  loops  at  the  periphery  of  the 
heart,  as  analogy  would  have  led  one  to  expect. 

In  what  manner  the  internal  surface  of  the  heart  is  limited 
I  cannot  say.  The  pulmonary  vein  is  lined  with  a  regular 
endothelium;  according  to  Keferstein,  an  '^epithelium"  coats  the 
inner  surface  of  the  aorta.  Analogy  would  suggest  that  the 
cavity  of  the  heart  is  limited  internally  by  the  same  membrane 
that  lines  the  vessels  continuous  with  it.  The  valves  are  cer- 
tainly covered  with  a  somewhat  irregular  pavement  of  cells,  but 
I  cannot  make  out  such  a  structure  in  other  parts  of  the  heart 

Dr  Michael  Foster  and  Mr  Dew  Smith  describe  a  re- 
markable kind  of  physiological  insulation  which  exists  be- 
tween the  auricle  and  ventricle,  and  suggest  the  explanation 
that  a  ring  of  connective  tissue,  penetrated  by  no  nerves, 
separates  the  two  portions  of  the  organ.  This  statement  I  can 
hardly  confirm;  the  muscles  at  the  region  of  the  junction  are 
apparently  rather  more  intimately  permeated  by  connective 
tissue;  but  I  can  find  nothing  which  can  be  supposed  to  insulate 
the  two  portions  of  the  organ.  At  the  point  of  junction  many 
fibres  from  both  auricle  and  ventricle  enter  the  valve,  but  this 
arrangement  can  hardly  be  efficient  in  insulating  the  two 
chambers  from  each  other.  I  have  convinced  myself,  by  making 
longitudinal  sections  from  hearts  hardened  in  osmic  acid,  that 
there  is  muscular  continuity  between  the  auricle  and  ventricle; 
so  that  I  can  offer  no  anatomical  explanation  of  the  above  men- 
tioned fact.  The  appearance  of  a  ring  of  connective  tissue 
might  easily  be  given  by  a  section  passing  through  the  peri- 
pheral layer  of  connective  tissue  covering  the  narrow  neck 
between  the  auricle  and  ventricle,  and  which  at  the  same  time 
included  muscle  fibres  from  both  chambers  of  the  heart.  These 
would  be  cut  obliquely,  and  would  be  separated  from  each  other 
or  even  seem  to  arise  from  a  region  where  they  were  replaced 
by  connective  tissue.  Dr  Foster  and  Mr  Dew  Smith  ^  describe 
the  curious  waves  of  contraction  which  can  be  made  to  tra- 
verse the  ventricle  in  any  direction;  it  is  remarkable  that  this 
should  be  the  case  in  muscular  tissue  which  seems  to  contain  a 
considerable  quantity  of  connective  tissue.  But  the  anatomical 
relations  corresponding  to  physiological  conduction  and  insula- 
tion are  no  doubt  at  present  obscure  or  unknown. 

1  Loe,  cit,  p.  329. 


NOTE  ON  THE  EFFECTS  OF  DIVISION  OF  THE 
SYMPATHETIC  NERVE  OF  THE  NECK  IN 
YOUNG  ANIMALS.  By  W.  Stirling,  D.Sc,  M.D., 
Demonstrator  of*  Practical  Physiology  in  the  University 
of  Edinburgh. 

The  increased  supply  of  blood  to  a  part,  especially  if  that  part 
be  in  growing  state,  is  followed  by  very  marked  effects. 

John  Hunter'  long  ago  observed  tbat  if  the  spur  of  a  cock  be 
transplanted  from  the  leg  to  the  comb,  which  is  a  much  more  vascular 
part  than  that  with  which  it  was  originally  connected,  it  undergoes 
an  extraordinary  augmentation  in  size.  A  case  of  hypertrophy  of  an 
entire  limb  was  recorded  by  John  Beid,  and  several  cases  of  hyper- 
trophy of  the  fingers  were  described  by  Mr  Curling.  Schiff  *  observed 
that  after  section  of  the  nerves  of  a  limb  the  bones  of  the  latter 
exhibited  hypertrophy  of  the  periosteum.  This  effect  was  attributed 
by  him  to  paralysis  of  the  vessels.  In  the  case  of  the  ear  of  the 
rabbit,  however,  its  vaso-motor  nerves  are  contained  chiefly  in  the 
trunk  of  the  S3rmpathetic  in  the  neck.  Division  of  this  nerve  in  the 
neck,  as  01.  Bernard  pointed  out,  is  followed,  amongst  other  effects, 
by  dilatation  of  the  vessels  of  the  ear  on  that  side  of  the  head. 

A.  Bidder  (CerUralblaU  fur  Ghirurgie^  No.  7,  1874)  excised  a 
piece  of  the  sympathetic  nerve  in  the  neck  of  a  young  growing  rabbit. 
This  was  followed  by  hypertn^hy  of  the  ear  of  the  same  side.  He 
however  made  only  a  singU  experiment,  and  as  yet  his  observation 
has  remained  unconfirmed. 

I  was  led  to  repeat  this  experiment*  This  I  did,  not  only 
upon  young  growing  rabbits,  but  also  upon  a  young  growing 
dog.  In  the  dog  the  sympathetic  nerve  in  the  neck  is  con- 
tained in  the  same  fibrous  sheath  as  the  vagus,  so  that  in  this 
animal  in  order  to  excise  a  portion  of  the  sympathetic  a  piece 
of  the  vagus  must  be  removed  along  with  it  After  the  first 
day  or  so,  the  dog  seemed  to  suffer  no  inconvenience  from  the 
excision  of  a  part  of  its  sympathetic  and  vagus  on  one  side  of 
the  neck. 

1  Carpenter's  Phyiiology,  7ih  edition,  p.  397. 
>  CampUi  rendut,  p.  1050,  1854. 
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In  all  cases,  both  in  the  rabbit  and  dog,  excision  of  a  piece 
of  the  sympathetic  was  followed  by  hypertrophy  of  the  ear  on 
the  same  side.  Subjoined  are  the  measurements  in  some  of 
my  experiments. 

Experiment  I. — Dec.  26«A,  1874.  Yoimg  albino  rabbit  Part  of 
right  sympathetic  excised.  Effects  of  the  operation  well  marked. 
LeDgih  of  ears  before  the  operation,  2^  inches ;  breadth,  1^  inches. 

AprU  lOrt,  1875. 

Left.  Bight.  Dift 

Length  of  Ear  3  J  3||  yV 

Breadth  of  Ear  2  2^^  ^. 

The  hmr  also  covering  the  right  ear  was  longer  and  stronger, 
especially  upon  the  margins  of  the  ear,  than  that  on  the  lefb  one. 
The  eye-lids  remained  semi-closed,  and  the  retraction  of  the  eye-ball 
persisted. 

ExFERiMEirr  n. — Dec.  24:th,  1874.  Young  albino  rabbit.  Part 
of  the  left  sympathetic  nerve  excised  in  the  neck.  Length  of  ears 
before  operation,  Scinches;  breadth,  l|^inche& 

AprU  10th,  1875. 

Left.  Bighi  DifT. 

Length  of  Ear  4  3f  ^. 

Breadth  of  Ear  2^  2^  ^. 

The  same  phenomena  were  observed  in  tlas  rabbit  as  in  Experi- 
m^t  L 

ExPEBiUEKT  IIL — Dec.  2ith,  1874.  Young  growing  dog.  A 
piece  half  an  inch  in  length  of  the  left  vago-sympathetic  was  excised. 
Length  of  ear,  2^  inches ;  breadth  at  base,  2  inches. 

AprU  lOthy  1875. 

Bight.  Left.  Dift 

Length  of  Ear                 Si  3|  i- 

Breadth  of  Ear              2|  2|  |. 

The  ear  on  this  side  was  thus  distinctly  longer  and  broader,  and 
also  somewhat  thicker  than  that  on  the  intact  side.  The  hair  also 
was  longer  and  stronger  on  the  side  operated  on,  and  the  ear  re- 
mained distinctly  warmer. 

These  results  afford  an  excellent  instance  of  the  effects  of 
the  increased  supply  of  blood  to  a  part,  and  one  which  can  be 
produced  at  will  provided  young  growing  animals  be  selected 
for  the  operation. 


ON  THE  STRUCTURE  OF  THE  NON-GRAVID  UTE- 
RINE MUCOUS  MEMBRANE  IN  THE  KANGAROO. 
By  Pbofessob  Turner. 

I  HAVE  elsewhere  recorded  a  series  of  observations  made  on  the 
structure  of  the  uterine  mucosa  in  a  number  of  placental  mam- 
mals^. In  this  communication  I  intend  to  describe  the  cha- 
racters of  the  mucous  membrane  of  the  uterus  in  one  of  the 
Marsupialia,  Macropus  giganteus;  for  a  specimen  of  which  I 
am  indebted  to  Prof.  A.  H.  Garrod. 

Professor  Owen  in  his  Comparative  Anatomy  of  Vertebrates  states 
that  in  all  the  Marsiipialia  the  lining  of  the  uterus  '^  is  well  organised, 
not  deciduous ;  it  is  soft  and  disposed  in  many  irregular  folds,  but 
when  these  are  effaced  has  a  smooth  surface.  This  is  a  distinct  but 
delicate  layer  with  minute  pores,  and  is  connected  to  the  muscular 
coat  by  an  abundant  tissue,  consisting  of  fine  lameU®  stretched  trans- 
Tersely  between  the  muscular  layer  and  the  smooth  membrane,  the 
whole  being  of  a  pulpy  consistence  and  highly  vascular,  especially  in 
the  unimpregnated  state."  But  he  gives  no  desciiption  of  its  micro- 
scopic structure. 

In  Macropus  giganteus  the  mucous  membrane  of  the  uterus 
formed  longitudinal  folds  projecting  into  the  cavity.  The 
thickness  of  the  uterine  wall  varied  from  ^th  to  i^th  inch  ac^ 
cording  as  it  was  measured  at  the  summit  of  a  fold  or  at  the 
bottom  of  a  furrow  between  two  folds.  Much  the  greater  part 
of  the  thickness  was  due  to  the  mucous  membrane,  which  was 
not  only  relatively  but  absolutely  thicker  than  in  any  other 
uterus  I  have  examined ;  for  the  muscular  coat  formed  an  ex- 
tremely thin  layer  on  the  outer  surface.  The  free  surface  of 
the  mucosa  was  covered  by  a  well-defined  layer  of  columnar 
epithelium.  Here  and  there  an  appearance  was  seen  as  if  the 
remains  of  cilia  projected  from  the  free  ends  of  the  cells.  When 
thin  sections  parallel  to  the  free  surface  of  the  mucosa  were 
examined  microscopically,  the  circular  mouths  of  the  glands 

1  Lecturet  on  the  Comparative  Anatomy  of  the  Placenta,    First  series.   Edin- 
burgh, 1876. 
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were  seen.  In  vertical  sections  through  the  mucosa  multitudes 
of  gland-tubes  were  observed ;  as  a  rule  they  were  transversely 
or  obliquely  divided,  but  occajsionally  a  short  portion  of  a  tube 
longitudinally  divided  was  present  1  infer  from  this  that  the 
gland-tubes  were  arranged  so  very  tortuously  in  the  mucosa 
that  only  a  small  part  of  the  length  of  a  tube  came  into  the 
plane  of  section  at  any  given  spot.  The  glands  were  lined  by 
well-deiined  nucleated  columnar  epithelixim,  the  cells  being  ar- 
ranged around  a  central  lumen.  The  glands  were  characterized 
by  their  large  size :  compared  with  the  long  tubular  glands  in 
the  uterine  mucosa  of  the  common  bitch  they  had  twice  the 
diameter,  and  in  some  cases  even  somewhat  more ;  they  are  the 
lai'gest  glands  I  have  yet  seen  in  the  uterine  mucosa  of  any 
mammal.  The  glands  were  separated  from  each  other  by  slen- 
der but  distinct  bands  of  vascular  connective  tissue,  which 
formed  a  framework  of  anastomosing  trabeculse,  in  the  meshes 
of  which  the  divided  tubes  were  situated.  In  the  deeper  part 
of  the  mucosa  an  important  modification  in  the  appearance  of 
the  glandular  tissue  was  observed.  The  cells  which  occupied 
the  meshes  of  the  trabecular  framework,  instead  of  being  ar- 
ranged as  a  series  of  columns  surrounding  a  central  lumen,  were 
rounded  in  form,  not  unlike  in  appearance  leiLCOCifteSy  and  filled 
up  the  entire  space.  The  form  of  these  cells  and  their  relations 
to  the  trabecular  tissue  bore  some  resemblance  to  the  arrange- 
ment of  parts  in  an  organ  composed  of  lymphoid  or  adenoid 
tissue.  But  it  is  probable  that  these  rounded  cells  were  the 
contents  of  the  deep,  closed  end  of  the  tubular  glands,  which 
differed  in  form  from  the  cells  nearer  the  surface,  just  as  the 
deep  cells  of  the  gastric  glands  differ  from  the  columnar  epi- 
thelium lining  the  gland-tube  near  its  mouth.  The  extreme 
tortuosity  of  the  glands  rendered  it  impossible  to  trace  the 
continuity  between  the  deeper  and  more  superficial  part  of  the 
gland-tubes. 

The  mucous  lining  of  the  vagina  was  longitudinally  folded, 
but  differed  in  structure  in  a  marked  manner  from  that  of  the 
uterus.  The  epithelial  covering  was  a  thick  stratified  layer. 
The  superficial  strata  consisted  of  nucleated  squamous  cells,  but 
the  cells  next  the  fibro-vascular  corium  were  elongated,  as  is 
not  unfrequently  the  case  on  surfaces  possessing  a  stratified 
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squamous  epitheliuuL  The  corium  was  elevated  into  occasional 
large  papillse,  the  intervals  between  which  were  filled  up  by 
the  stratified  arrangement  of  epithelial  cells. 

The  great  thickness  of  the  uterine  mucosa  was  due  to  the 
size  and  numbers  of  the  tubular  glands,  and  not  to  the  inter- 
glandular  connective  tissue,  which  was  remarkably  small  in 
quantity  as  compared  with  the  uteri  of  the  placental  mammals. 
The  large  glands  have  doubtless  some  special  relation  to  the 
peculiarity  in  the  ntero-gestation  in  the  Kangaroo.  There  can 
be  little  doubt  that  the  glands  must  be  capable  of  forming  a 
considerable  quantity  of  secretion,  sufficient  perhaps  for  the 
nutritive  needs  of  the  embryo  during  the  comparatively  short 
period  in  which  it  occupies  the  uterine  cavity.  The  small  pro- 
portion of  interglandolar  connective  tissue  leads  one  to  infer 
that  the  production  of  an  interglandular  series  of  crypts,  on  the 
free  surface  <^  the  mucosa,  takes  place  only  to  a  limited  extent, 
if  at  all,  in  the  gravid  kangaroo;  and  it  is  possible  that  the 
intra-uterine  nutrition  of  the  foetus  may  be  effected  solely 
through  the  secretion  of  the  tubular  glands,  and  not  through 
that  of  secreting  crypts,  newly  formed  during  pregnancy,  such 
as  are  found  in  the  gravid  uteri  of  the  placental  mammals  ^  If 
I  am  right  in  supposing  that  secreting  crypts  are  not  formed, 
we  may  have  the  anatomical  reason  why  the  intra-uterine 
nutrition  of  the  embryo  can  only  be  carried  on  for  a  short 
period.  It  would  be  very  desirable  to  obtain  the  uterus  of  a 
gravid  kangaroo,  in  a  suitable  condition  for  examination,  to 
decide  these  and  other  as  yet  imperfectly  understood  questions 
connected  with  the  utero-gestation  of  this  animal 


1  Bee  my  paper  in  this  Journal,  October,  1875,  for  an  aeoonni  of  these 
Beoreting  orypts,  and  more  folly  my  Lecturet  on  the  Comparative  Anatomy  of  the 
Placenta, 


ADDITIONAL  NOTE  ON  THE    DENTIIION  OF  THE 
NARWHAL    {Monodon    monoceros).       By    Peofessob 

TUBNER. 

In  Vol.  Yll.  of  this  Journal  I  gave  an  account  of  the  examina- 
tion of  a  very  young  festal  Narwhal,  7i  inches  long,  in  which  I 
found  two  dental  papillae  developed  in  the  gum  enveloping  the 
dentary  border  of  each  superior  maxilla.  Each  papilla  possessed 
an  enamel  organ,  although,  as  is  well  known,  the  tusk  of  the 
Narwhal  is  destitute  of  enamel.  The  early  age  of  the  foetus 
did  not  enable  me  to  state  which  of  the  papillae  would  have 
developed  into  the  tusk,  but  I  conjectured  that  "the  more 
anterior  would  have  developed  into  the  maxillary  tusk,  and  the 
posterior  either  have  disappeared  altogether,  or  formed  one  of 
those  irregular  non-protruding  teeth,  such  as  Berthold  described 
some  years  ago  in  the  skull  of  a  young  Narwhal  which  he 
examined." 

In  the  month  of  November,  1875, 1  received,  through  the 
intermediation  of  my  friend  Mr  C.  W.  Peach,  the  gravid  uterus 
of  a  Narwhal,  containing  a  foetus  6  ft.  5  in.  long,  which  now 
enables  me  to  state  that  my  conjecture  was  accurate.  In  this 
specimen  each  superior  maxilla  was  8^  inches  long,  and  pos- 
sessed at  the  anterior  end  of  its  dentary  border  two  well  marked 
alveoli,  the  one  of  which  opened  immediately  in  front  of  the 
other.  The  anterior  alveolus  contained  a  rudimentary  cylindri- 
form  tusk  such  as  one  always  Ands  in  the  well  advanced  foetus 
of  the  Narwhal.  The  posterior  alveolus  contained  an  aborted 
tooth  ^  inch  long  and  ^ths  inch  wide  in  its  thickest  part. 
It  was  elongated  in  form,  with  short  irregular  processes  pro- 
jecting from  the  posterior  end,  whilst  the  anterior  end  was 
smooth  and  rounded.  The  aborted  tooth  in  each  superior 
maxilla  was  enclosed  in  a  distinct  sac  of  fibrous  tissue,  which, 
like  the  sac  of  the  rudimentary  tusk,  was  firmly  united  to  the 
fibrous  tissue  of  the  gum.  The  tusk  had  unquestionably  de- 
veloped from  the  more  anterior  of  the  two  dental  papillae,  the 
aborted  tooth  from  the  more  posterior. 


THE  DEVELOPMENT  OF  ELASMOBRANCH  FISHES. 
By  F.  M.  Balfoub,  B.A.,  Fellow  of  Trinity  CoUege, 
Cambridge.    (Plates  21 — 26.) 

FOBMATION  OF  THE  LAYERS. 

{Continued  frvm  p.  410.) 

In  the  last  chapter  the  blastoderm  was  left  as  a  solid  lens- 
shaped  mass  of  cells,  thicker  at  one  end  than  at  the  other, 
its  uppermost  row  of  cells  forming  a  distinct  layer.  There 
very  soon  appears  in  it  a  cavity,  the  well  known  segmenta- 
tion cavity,  or  cavity  of  von  Baer,  which  arises  as  a  small  sp^e 
in  the  midst  of  the  blastoderm,  near  its  non-embryonic  end  (PL 
XXI.  fig.  1). 

This  condition  of  the  segmentation  cavity,  though  already^ 
described,  has  nevertheless  been  met  with  in  one  case  only. 
The  circumstance  of  my  having  so  rarely  met  with  this  con- 
dition is  the  more  striking  because  I  have  cut  sections  of  a 
considerable  number  of  blastoderms  in  the  hope  of  encountering 
specimens  similar  to  the  one  figured,  and  it  can  only  be  explained 
on  one  of  the  two  following  hypotheses.  Either  the  stage  is 
very  transitoiy,  and  has  therefore  escaped  my  notice  except 
in  the  one  instance ;  or  else  the  cavity  present  in  this  instance 
is  not  the  true  segmentation  cavity,  but  merely  some  abnormal 
structure.  That  this  latter  explanation  is  a  possible  one,  appears 
from  the  fact  that  such  cavities  do  at  times  occur  in  other 
parts  of  the  blastoderm.  Dr  Schultz'  does  not  mention  having 
found  any  stage  of  this  kind. 

The  position  of  the  cavity  in  question,  and  its  general  ap- 
pearance, incline  me  to  the  view  that  it  is  the  segmentation 
cavity'.  If  this  is  the  true  view  of  its  nature  the  fact  should  be 
noted  that  at  first  its  floor  is  formed  by  the  lower-layer  cells 
and  not  by  the  yolk,  and  that  its  roof  is  constituted  by  both  the 

^  Qy.  Journal  of  Microse.  Science,  Oct.  1874. 

•  Centr,  f.  Med,.  Wiss,  No.  38,  1876. 

>  Professor  Bambeke  {PoUsons  Osseux,  MSm,  Acad.  Belgiqtie  1876)  describes 
a  cavity  in  the  blastoderm  of  Leucisons  mtilus,  which  he  regards  as  the  segmen- 
tation cavity,  but  not  as  homologous  with  the  segmentation  cavity  of  Osseous 
Fishes,  usually  so  called.  Its  relations  are  the  same  as  those  of  my  segmenta- 
tion cavity  at  this  stage. 
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lower-layer  cells  and  the  epiblast  cells.  The  relations  of  the 
floor  undergo  considerable  modifications  in  the  course  of  de- 
velopment. 

The  other  features  of  the  blastoderm  at  this  stage  are  very 
much  those  of  the  previous  stage. 

The  embryonic  swelling  is  very  conspicuous.  The  cells  of 
the  blastoderm  are  still  disposed  in  two  layers :  an  upper  one 
of  slightly  columnar  cells  one  deep,  which  constitutes  the  epi- 
blast, and  a  lower  one  consisting  of  the  remaining  cells  of  the 
blastoderm. 

An  average  cell  of  the  lower  layer  has  a  diameter  of  about 
^  inch,  but  the  cells  at  the  periphery  of  the  layer  are  in  some 
cases  considerably  larger  than  the  more  central  ones.  All  the 
cells  of  the  blastoderm  are  still  completely  filled  with  yolk 
spherules.  In  the  yolk  outside  the  peculiar  nuclei,  before 
spoken  of,  are  present  in  considerable  numbera  They  seem  to 
have  been  mistaken  by  Dr  Schultz^  for  cells:  there  can 
however  be  no  question  that  they  are  true  nucleL 

In  the  next  stage  the  relations  of  the  segmentation  cavity 
undergo  important  modifications. 

The  cells  which  form  its  floor  disappear  almost  com- 
pletely  from  that  position,  and  the  floor  becomes  formed  by 
the  yolk. 

The  stage,  during  which  the  yolk  serves  as  the  floor  of  the 
segmentation  cavity,  extends  over  a  considerable  period  of  time, 
but  during  it  I  have  been  unable  to  detect  any  important 
change  in  the  constitution  of  the  blastoderm.  It  no  doubt 
gradually  extends  over  the  yolk,  but  even  this  growth  is  not 
nearly  so  rapid  as  in  the  succeeding  stage.  Although  therefore 
the  stage  I  proceed  to  describe  is  of  long  continuance,  a  blasto- 
derm at  the  beginning  of  it  exhibits,  both  in  its  external  and 
in  its  internal  features,  no  important  deviations  from  one  at 
the  end  of  it. 

Viewed  from  the  surface  (PI.  XXIV.  fig.  A)  the  blastoderm 
at  this  stage  appears  slightly  oval,  but  the  departure  from 
the  circular  form  is  not  very  considerable.  The  long  axis  of 
the  oval  corresponds  with  what  eventually  becomes  the 
long  axis  of  the  embryo.    From  the  yolk  the  blastoderm  is 

>  Loc  eit. 
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Btill  well  distinguislied  by  its  darkiBr  colour;  and  it  is  sur* 
rounded  by  a  concentric  ring  of  light-coloured  yolk,  the  outer 
border  of  which  shades  insensibly  into  the  normal  yolk. 

At  the  embryonic  portion  of  the  blastoderm  is  a  slight 
swelling,  clearly  shewn  in  Plate  xxiY.  fig.  A,  which  can  easily 
be  detected  in  fresh  and  in  hardened  embryos.  This  swelling  is 
to  be  looked  upon  as  a  local  exaggeration  of  a  slightly  raised 
rim  present  around  the  whole  circumference  of  the  blastoderm. 
The  roof  of  the  segmentation  cavity  (fig.  A,  s,  c.)  forms  a  second 
swelling;  and  in  the  fresh  embryo  this  region  appears  of  a 
darker  colour  than  other  parts  of  the  blastoderm. 

It  is  difficult  to  determine  the  exact  shape  of  the  blasto* 
derm,  on  account  of  the  traction  exercised  upon  it  in  opening 
the  egg ;  and  no  reliance  can  be  placed  on  the  forms  assumed 
by  hardened  blastoderms.  This  remark  also  applies  to  the 
sections  of  blastoderms  of  this  stage.  There  can  be  no  doubt 
that  the  minor  individual  variations  exhibited  by  almost 
every  specimen  are  produced  in  the  course  of  manipulations 
while  the  objects  are  fresh.  These  variations  may  affect  even 
the  relative  length  of  a  particular  region  and  certainly  the 
curvature  of  it.  The  roof  of  the  segmentation  cavity  is  es- 
pecially apt  to  be  raised  into  a  dome-like  form. 

The  main  internal  feature  of  this  stage  is  the  disappearance 
of  the  layer  of  ceUs  which,  during  the  first  stage,  formed  the 
fioor  of  the  segmentation  cavity.  This  disappearance  is  never- 
theless not  absolute,  and  it  is  doubtful  whether  there  is  any 
period  in  which  the  floor  of  the  cavity  is  quite  without  cells. 

Dr  Schultz  supposes^  that  the  entire  segmentation  cavity 
is,  in  the  living  animal,  filled  with  a  number  of  loose  cells.  « 
Though  it  is  not  in  my  power  absolutely  to  deny  this,  the 
point  being  one  which  cannot  be  satisfactorily  investigated  in 
sections,  yet  no  evidence  has  come  under  my  notice  which 
would  lead  to  the  conclusion  that  more  cells  are  present  in  the 
segmentation  cavity  than  are  represented  on  PI.  xiii.  fig.  1,  of 
my  preliminary  paper,  an  illustration  which  is  repeated  on  PI. 
XXI.  fig.  2. 

The  number  of  cells  on  the  floor  of  the  cavity  differs 
considerably  in  different  cases,  but  these  cases  come  under  the 
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category  of  indiyidual  variations,  and  are  not  to  be  looked  upon 
as  indications  of  different  states  of  development. 

In  many  cases  especially  large  cells  are  to  be  seen  on  the 
floor  of  the  cavity  (PL  xxi.  fig.  2,  b  d).  In  my  preliminary 
paper ^  the  view  was  expressed  that  these  are  probably 
cells  formed  ai*ound  the  nuclei  of  the  yolk.  This  view  I  am 
inclined  to  abandon,  and  to  substitute  for  it  the  suggestion 
made  by  Dr  Schultz,  that  they  are  remnants  of  the  larger 
segmentation  cells  which  were  to  be  seen  in  the  previous  stages. 

Plate  XXI.  figs.  2,  3,  4  (all  sections  of  this  stage)  show  the 
different  appearances  presented  by  the  floor  of  the  segmentation 
cavity.  In  only  one  of  these  sections  are  there  any  large  number 
of  cells  upon  the  floor;  and  in  no  case  have  cells  been  observed 
imbedded  in  the  yolk  forming  this  floor,  as  described  by  Dr 
Schultz',  but  in  all  cases  the  cells  simply  rested  upon  it. 

Passing  from  the  segmentation  cavity  to  the  blastoderm 
itself,  the  first  feature  to  be  noticed  is  the  more  decided  differ- 
entiation of  the  epiblast.  This  now  forms  a  distinct  layer 
composed  of  a  single  row  of  columnar  cells.  These  are  slightly 
more  columnar  in  the  region  of  the  embryonic  swelling  than 
elsewhere,  and  become  less  elongated  at  the  edge  of  the  blasto- 
derm. In  my  specimens  this  layer  was  never  more  than  one 
cell  deep,  but  Dr  Sehultz'  states  that,  in  the  Elasmobranch 
embryos  investigated  by  him,  the  epiblast  was  composed  of 
more  than  a  single  row  of  cells. 

Each  epiblast  cell  is  filled  with  yolk  spherules  and  contains 
a  nucleus.  Very  frequently  the  nuclei  in  the  layer  are  ar- 
ranged in  a  regular  row  (vide  PL  xxi.  fig.  4).  In  the  later 
blastoderms  of  this  stage  there  is  a  tendency  in  the  cells  to 
assume  a  wedge-like  form  with  their  thin  ends  pointing  alter- 
nately in  opposite  directions.  This  arrangement  is,  however, 
by  no  means  strictly  adhered  to,  and  the  regularity  of  it  is 
exaggerated  in  Plate  xxi.  fig.  4. 

The  nuclei  of  the  epiblast  cells  have  the  same  chSfracters  as 
those  of  the  lower-layer  cells  to  be  presently  described,  but 
their  intimate  structure  can   only  be  successfully  studied  in 

*  Qy»  Journal  of  Micros.  Science^  Oct.  1874. 

*  Loe,  ciU    Probably  Dr  Schultz,  here  as  in  other  cases,  has  mistaken  nuolei 
for  ceUs. 

■  Xroc.  ciU 
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certain  exceptionally  favourable  sections.  In  most  cases  the 
yolk  spherules  around  them  render  the  finer  details  invisible. 

There  is  at  this  stage  no  such  obvious  continuity  as  in  the 
succeeding  stage  between  the  epiblast  and  the  lower-layer  cells; 
and  this  statement  holds  good  more  especially  with  the  best 
conserved  specimens  which  have  been  hardened  in  osmic  acid 
(Plate  XXI.  fig.  4).  In  these  it  is  very  easy  to  see  that  the 
epiblast  simply  thins  out  at  the  edge  of  the  blastoderm  without 
exhibiting  the  slightest  tendency  to  become  continuous  with  the 
lower-layer  cells  ^ 

The  lower-layer  cells  form  a  mass  rather  than  a  layer, 
and  constitute  the  whole  of  the  blastoderm  not  included  in  the 
epiblast.  The  shape  of  this  mass  in  a  longitudinal  section  may 
be  gathered  from  an  examination  of  Plate  xxi.  figs.  3  and  4. 

It  presents  an  especially  thick  portion  forming  the  bulk  of 
the  embryonic  swelling,  and  frequently  contains  one  or  two 
cavities,  which  from  their  constancy  I  regard  as  normal  and  not 
as  artificial  products. 

In  addition  to  the  mass  forming  the  embryonic  swelling 
there  is  seen  in  sections  another  mass  of  lower-layer  cells  at 
the  opposite  extremity  of  the  blastoderm,  connected  with  the 
former  by  a  bridge  of  cells,  which  constitutes  the  roof  of  the 
segmentation  cavity.  The  lower-layer  ceUs  may  thus  be  divided 
into  three  distinct  parts : 

(1)  The  embryo  swelling. 

(2)  The  thick  rim  of  cells  roimd  the  edge  of  the  remainder 
of  the  blastoderm. 

(3)  The  cells  which  form  the  roof  of  the  segmentation 
cavity. 

1  Prof.  Haeckel  (Die  Gastrola  u.  die  Eifurchnng  d.  Tliiere,  Jenaische  ZeiU 
tchriftf  Vol.  IX.)  has  nnfortunatelv  copied  a  fignre  from  my  preliminaiy  paper 
{loe.  eit.)  (repeated  now),  which  I  had  carefally  avoided  using  for  the  purpose  of 
describing  the  formation  of  the  layers  on  account  of  the  epiblast  cells  in  the 
original  having  been  much  altered  by  the  chromic  acid,  as  a  result  of  which  the 
whole  section  gives  a  somewhat  erroneous  impression  of  the  condition  of  the 
blastoderm  at  this  stage.  I  take  this  opportunity  of  pointing  out  that  the 
colouration  employed  by  Professor  Haeokel  to  distinguish  the  layers  in  this 
section  is  not  founded  on  my  statements,  but  is,  on  the  contrary,  in  entire 
opposition  to  them.  From  the  section  as  represented  by  Professor  Haeckel 
it  might  be  gathered  that  I  considered  the  lower-layer  cells  to  be  divided  into 
two  parts,  one  derived  from  the  epiblast,  while  the  other  constituted  the  hypo- 
blast. Not  only  is  no  such  division  present  at  this  period,  but  no  part  of  the 
lower-layer  cells,  or  the  mesoblast  cells  into  which  they  become  converted,  can 
in  any  sense  whatever  be  said  to  be  derived  from  the  epiblast. 
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These  three  parts  form  a  continuous  whole,  but  in  addi* 
tion  to  these  there  exist  the  previously  mentioned  cells,  which 
rest  on  the  floor  of  the  segmeuitation  cavity. 

With  the  exception  of  these  la/tter,  the  lower  layer  is  com* 
posed  of  cells  having  a  fairly  uniform  size,  and  exhibits  no  trace 
of  a  division  into  two  layers. 

The  cells  are  for  the  most  part  irregularly  polygonal  from 
mutual  pressure;  and  in  their  shape  and  arrangement,  exhibit  a 
marked  contrast  to  the  epiblast  cells.  A  few  of  the  lower- 
layer  cells,  highly  magnified,  are  represented  in  PL  xXL  fig. 
2  a.  An  average  cell  measures  about  .^^  to  ^^  of  an  inch, 
but  some  of  the  larger  ones  on  the  floor  attain  to  the  -^  of  an 
inch. 

Owing  to  my  having  had  the  good  fortune  to  prepare  some 
especially  favourable  specimens  of  this  stage,  it  has  been  possible 
for  me  to  make  accurate  observations  both  upon  the  nuclei 
of  the  cells  of  the  blastoderm,  and  upon  the  nuclei  of  the 
yolk. 

The  nuclei  of  the  blastoderm  cells,,  both  of  the  epiblast  and 
lower  layer,  have  a  uniform  structure.  Those  of  the  lower- 
layer  cells  are  about  yg^  of  an  inch  in  diameter.  Boughly 
speaking  each  consists  of  a  spherical  mass  of  clear  protoplasm 
refracting  more  highly  than  the  protoplasm  of  its  cell.  The 
nucleus  appears  in  sections  to  be  divided  by  deeply  stained 
lines  into  a  number  of  separate  areas,  and  in  each  of  these  a 
deeply  stained  granule  is  placed.  In  some  cases  two  or  more 
of  such  granules  may  be  seen  in  a  single  area.  The  whole  of 
the  nucleus  stains  with  the  colouring  reagents  more  deeply 
than  the  protoplasm  of  the  ceUs;  but  this  is  especially  the  case 
with  the  granules  and  lines. 

Though  usually  spherical  the  nuclei  not  infrequently  have 
a  somewhat  lobate  form. 

Very  similar  to  these  nuclei  are  the  nuclei  of  the  yolk. 

One  of  the  most  important  differences  between  the  two  is 
that  of  size.  The  majority  of  the  nuclei  present  in  the  yolk  are 
as  large  or  larger  than  an  ordinary  blastoderm  cell;  while  many 
of  them  reach  a  size  very  much  greater  than  this.  The  ex- 
amples I  have  measured  varied  from  3^  to  ^^  of  an  inch  in 
diameter. 
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Though  they  are  divided,  like  the  nuclei  of  the  blastoderm, 
with  more  or  less  distinctness  into  separate  areas  by  a  network 
of  lines,  their  greater  size  frequently  causes  them  to  present,  an 
aspect  somewhat  different  from  the  nuclei  of  the  blastoderm. 
They  are  moreover  much  less  regular  in  outline  than  these,  and 
very  many  of  them  have  lobate  projections  (PI.  xxi,  figs.  2a  and 
2  c  and  3),  which  vary  from  simple  knobs  to  projections  of  such  a 
size  as  to  cause  the  nucleus  to  present  an  appearance  of  com- 
mencing constriction  into  halves.  When  there  are  several 
such  projections  the  nucleus  acquires  a  peculiar  knobbed  figure. 
With  bodies  of  this  form  it  becomes  in  many  cases  a  matter 
of  great  difficulty  to  decide  whether  or  no  a  pai-ticular  series  of 
knobs,  which  appear  separate  in  one  plane,  are  united  in  a  lower 
plane,  whether,  in  fact,  there  is  present  a  single  knobbed  nucleus 
or  a  number  of  nuclei  in  close  apposition.  A  nucleus  in  this 
condition  is  represented  in  El.  xxi.  fig,  24>. 

The  existence  pf  a  protoplasmic  network  in  the  yolk  has 
already  been  mentioned.  This  in  favourable  cases  may  be 
observed  to  be  in  special  connection  with  the  nuclei  just  de- 
scribed. Its  meshes  are  finer  in  the  vicinity  of  the  nuclei,  and 
its  fibres  in  some  cases  almost  appear  to  start  from  them  ( PI. 
xxin.  fig.  12),  For  reasons  which  I  am  unable  to  explain 
the  nuclei  of  the  yolk  and  the  surrounding  meshwork  present 
appearances  which  differ  greatly  according  to  the  reagent 
employed.  In  most  specimens  hardened  in  osiiiic  acid  the 
protoplasm  of  the  nuclei  is  apparently  prolonged  in  the  sur- 
rounding meshwork  (PI.  xxiii,  fig,  12).  In  other  specimens 
hardened  in  osmic  acid  (PI.  xxiii.  fig.  11),  and  in  all  hardened  in 
chromic  acid  (PI.  xxi,  fig.  2  a  and  2  c),  the  appearances  are  far 
clearer  than  in  the  previous  case,  and  the  protoplasmic  mesh- 
work merely  surrounds  the  nuclei,  without  showing  any  signs  of 
becoming  continuous  with  them. 

There  is  also  around  each  nucleus  a  narrow  space  in  which 
the  spherules  of  the  yolk  are  either  much  smaller  than  else- 
where or  completely  absent,  vide  PI.  XXI.  fig.  2  6. 

It  has  not  been  possible  for  me  to  satisfy  myself  as  to  the 
exact  meaning  of  the  lines  dividing  these  nuclei  into  a  number 
of  distinct  areas.  My  observations  leave  the  question  open  as  to 
whether  they  are  to  be  looked  upon  as  lines  of  division,  or  as 

VOL.  X.  35 


524  MR  BALFOUR. 

protoplasmic  lined  such  a£i  bave  been  described  in  nuclei  by 
Flemming*,  Hertwig*  and  Van  Beneden*.  The  latter  view  ap- 
pears to  me  to  be  the  more  probable  one. 

Such  are  the  chief  structural  features  presented  by  these 
nuclei,  which  are  present  during  the  whole  of  the  earlier  periods 
of  development  and  retain  throughout  the  same  appearance. 
There  can  be  little  doubt  that  their  knobbed  condition  implies 
that  they  are  undergoing  a  rapid  division.  The  aigumenta  for 
this  view  I  have  already  insisted  on,  and,  in  spite  of  the  obser- 
vations of  Dr  Kleinenberg  showing  that  similar  nuclei  of 
Nephelis  do  not  undergo  division,  the  case  foi'  their  doing  so  in 
the  £lasmobranch  eggs  is  to  my  mind  a  very  strong  ona 

During  this  stage  the  distribution  of  these  nuclei  in  the 
yolk  becomes  somewhat  altered  from  that  in  the  earlier  stages. 
Although  the  nuclei  are  still  scattered  generally  throughout 
the  finer  yolk-matter  around  the  blastoderm,  yet  they  are 
especially  aggregated  at  one  or  two  points.  In  the  first  place 
a  special  collection  of  them  may  be  noticed  immediately  below 
the  floor  of  the  segmentation  cavity.  They  here. form  a  dis- 
tinct row  or  even  layer.  If  the  presence  of  this  layer  is  cou- 
pled with  the  fact  that  at  this  period  cells  are  beginning  to 
appear  on  the  floor  of  the  segmentation  cavity,  a  strong  argu- 
ment is  obtained  for  the  supposition  that  around  these  nuclei 
cells  are  being  produced,  which  pass  into  the  blastoderm  to 
form  the  floor.  Of  the  actual  formation  of  cells  at  this  period 
I  have  not  been  able  to  obtain  any  satisfactory  example,  so 
that  it  remains  a  matter  of  deduction  rather  than  of  direct 
observation. 

Another,  special  aggregation  of  nuclei  is  generally  present 
at  the  periphery  of  the  blastoderm,  and  the  same  amount  of 
doubt  hangs  over  the  fate  of  these  as  over  that  of  the  previously 
mentioned  nuclei. 

The  next  stage  is  the  most  important  in  the  whole  history 
of  the  formation  of  the  layers.  Not  only  does  it  serve  to  show, 
that  the  process  by  which  the  layers  are  formed  in  Elasmo- 
branchs  can  easily  be  derived  from  a  simple  gastrula  type  like 

^  Entwicklungsgescbichte  der  Najaden,  Sitz.  d,  Jfe.  Akad.  Wien,  1875. 
■  Morphologitche  Jahrbnch^  Vol.  i.  Heft  3. 

>  D^yeloi^Mknent  des  Mammif^res,  BuL  de  VAcad.  de  Belgiqne,  zl.  No.  12, 
1875. 
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that  of  Amphioxus,  but  it  also  sferves  aft  the  key  by  which 
other  meroblastic  types  of  developm^it  may  be  explained.  At 
the  very  commencement  of  this  stage  the  embryonic  swelling 
becomes  more  conspicuously  visible  than  it  was.  It  now  pro- 
jects above  the  level  of  tbe  yolk  in  the  form  of  a  rim.  At  one 
point,  which  eventually  forms  the  termination  of  the  axis  of  the 
embryo,  this  projection  is  at  its  greatest ;  while  on  either  side 
of  this  it  gradually  diminishes  and  finally  vanishes.  This  pro- 
jection I  propose  calling,  as  in  my  preliminary  paperS  the  em- 
bryonic rim. 

The  segmentation  cavity  can  still  be  seen  from  the  surface, 
and  a  marked  increase  in  the  size  of  the  blastoderm  may  be 
noticed.  During  the  stage  last  described,  the  growth  was  but 
very  slight ;  hence  the  rather  sudden  and  rapid  growth  which 
now  takes  place  becomes  striking,  and  has,  as  I  hope  to  show,  a 
not  inconsiderable  importance. 

Longitudinal  sections  at  this  stage,  as  at  the  earlier  stages, 
are  the  most  instructive.  Such  a  section  on  the  same  scale  as 
PL  XXI.  fig.  4,  is  represented  in  PL  xxi.  fig.  5.  It  passes 
parallel  to  the  axis  of  the  embryo,  through  the  point  of  greatest 
development  of'the  embryonic  rim. 

The  three  fresh  features  of  the  most  striking  kind  are  (1) 
the  complete  envelopment  of  the  segmentation  cavity  within 
the  lower  layer  cells,  (2)  the  formation  of  the  embryonic  rim, 
(3)  the  increase  in  distance  between  the  posterior  end  of  the 
blastoderm  and  the  segmentation  cavity.  «The  segmentation 
cavity  has  by  no  means  relatively  increased  in  si^e*  The  roof 
has  precisely  its  earlier  constitution,  being  composed  of  an 
internal  lining  of  lower  layer  cells  and  an  external  one  of 
epiblast.  The  thin  lining  of  lower  layer  cells  is,  in  the  course 
of  mounting  the  sections,  very  apt  to  fall  off;  but  I  am  abso^ 
lutely  satisfied  that  it  is  never  absent. 

The  floor  of  the  cavity  has  undergone  an  important  change, 
being  now  formed  by  a  layer  of  cells  instead  of  by  the  yolk.  A 
precisely  similar  change  in  the  constitution  of  the  floor  takes 
place  in  Osseous  Fishes  *. 

*  Qy.  Journal  Microsc.  Science,  Oct.  1874. 

•  Vide  Oellacher,  ZHUehrift  f.  Wiss,  Zoologie,  Bd.  xxin. ;  Ootte.  Ber 
Eeim  d.  Forelleneies,  Arch,  /.  Mikr.  Anat.  Vol.  iz.;  Haeckel,  Die  Gastrula 
tt,  die  Eifurchxmg  d.  Thiere,  Jenaisckt  Zeittchrift,  Bd.  ix. 
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The  mode  in  which  the  floor  is  formed  is  a  question  of 
some  importance.  The  nuclei,  which  during  the  last  stage 
formed  a  row  beneath  it,  probably,  as  previously  pointed 
out,  take  some  share  in  its  formation.  An  additional  argument 
to  those  already  brought  forward  in  favour  of  this  view  may 

be  derived  from  the  fact  that  during  this  stage  such  a  row  of 
nuclei  is  no  longer  present. 

This  argument  may  be  stated  as  follows : 

Before  the  floor  of  cells  for  the  segmentation  cavity  is  formed 
a  number  of  nuclei  are  present  in  a  suitable  situation  to  supply 
the  cells  for  the  floor ;  as  soon  as  the  floor  of  cells  makes  its 
appearance  these  nuclei  are  no  longer  to  be  seen.  From  this 
it  may  be  concluded  that  their  disappearance  arises  from  their 
having  become  the  nuclei  of  the  cells  which  form  the  floor. 

It  appears  to  me  most  probable  that  there  is  a  growth  in- 
wards from  the  whole  peripheral  wall  of  the  cavity,  and  that  this 
ingrowth,  as  well  as  the  cells  derived  from  the  yolk,  assist  in 
forming  the  floor  of  the  cavity.  In  Osseous  Fish  there  appears 
to  be  no  doubt  that  the  floor  is  largely  formed  by  an  ingrowth 
of  this  kind. 

A  great  increase  is  observable  in  the  distance  between  the 
posterior  end  of  the  segmentation  cavity  and  the  edge  of  the 
blastoderm.  This  is  due  to  the  rapid  growth  of  the  latter  com- 
bined with  the  stationary  condition  of  the  former.  The  growth 
of  the  blastoderm  at  this  period  is  not  uniform,  but  is  more 
rapid  in  the  non-embryonic  than  in  the  embryonic  parts. 

The  main  features  of  the  epiblast  remain  the  same  as  during 
the  last  stages.  It  is  still  composed  of  a  very  distinct  layer 
one  cell  deep.  Over  the  segmentation  cavity,  and  over  the 
whole  embryonic  end  of  the  blastoderm,  the  cells  are  very  thin, 
columnar,  and,  roughly  speaking,  wedge-shaped  with  the  thin 
ends  pointing  alternately  in  different  directions.  For  this 
reason,  the  nuclei  form  two  rows ;  but  both  the  rows  are 
situated  near  the  upper  surface  of  the  layer  (vide  PL  XXI. 
fig.  5).  Towards  the  posterior  end  of  the  blastoderm  the  cells 
are  flatter  and  broader ;  and  the  layer  terminates  at  the  non- 
embryonic  end  of  the  blastoderm  without  exhibiting  the  slight- 
est tendency  to  become  continuous  with  the  lower  layer  cells. 
At  the  embryonic  end  of  the  blastoderm  the  relations  of  the 
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epiblast  and  lower  layer  cells  are  very  different.  At  this  part, 
throughout  the  whole  extent  of  the  embryonic  rim,  the  epiblast 
is  reflected  and  becomes  continuous  with  the  lower  layer  cells. 

The  lower  layer  cells  form,  for  the  most  part,  a  uniform 
stratum  in  which  no  distinction  into  mesoblast  and  hypoblast 
is  to  be  seen. 

Both  the  lower  layer  cells  and  the  epiblast  cells  are  still 
filled  with  yolk  spherules. 

The  structures  at  the  embryonic  rim,  and  the  changes 
which  are  there  taking  place,  unquestionably  form  the  chief 
features  of  interest  at  this  stage. 

The  general  relations  of  these  parts  are  very  fairly  shewn 
in  PL  XXI.  fig.  5,  which  represents  a  section  passing  through  the 
median  line  of  the  embryonic  region.  They  are  however  more 
accurately  represented  in  PI.  XXil.  fig.  5  a,  taken  from  the  same 
embryo,  but  in  a  lateral  part  of  the  embryonic  rim ;  or  ii^ 
PL  XXII.  fig.  6,  from  a  slightly  older  embryo.  In  all  of  these 
figures  the  epiblast  cells  are  reflected  at  the  edge  of  the 
embryonic  rim,  and  become  perfectly  continuous  with  the  hypo- 
blast cells.  A  few  of  the  cells,  immediately  beyond  the  line 
of  this  reflection,  precisely  resemble  in  character  the  typical 
epiblast  cells;  but  the  remainder  exhibit  a  gradual  transition 
into  typical  lower  layer  cells.  Adjoining  these  transitional  cells, 
or  partly  enclosed  in  the  comer  formed  between  them  and  tlie 
epiblast,  are  a  few  unaltered  lower  layer  cells  (m),  which  at  this 
stage  are  not  distinctly  separated  from  the  transitional  cells. 
The  transitional  cells  form  the  commencement  of  the  hypoblast 
(hy)'y  anl  the  cells  (m)  between  them  and  the  epiblast  form 
the  commencement  of  the  mesoblast.  The  gradual  conversion 
of  lower  layer  cells  into  columnar  hypoblast  cells,  is  a  very  clear 
and  observable  phenomenon  in  the  best  specimens.  Where  the 
embryonic  rim  projects  most,  a  larger  number  of  cells  have 
assumed  a  columnar  form.  Where  it  projects  less  clearly,  a 
smaller  number  have  done  so.  But  in  all  cases  there  may  be 
observed  a  series  of  gradations  between  the  columnar  cells  and 
the  typical  rounded  lower  layer  cells*. 

^  When  writing  my  earlier  paper  I  did  not  feel  so  confident  abont  the  mode 
of  formation  of  the  hypoblast  as  I  now  do,  and  even  doubted  the  possibility  of 
determining  it  from  sections.  The  facts  now  brought  forward  are  I  hoi)e  suffi- 
cient to  remoTe  all  scepticism  on  this  point. 
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Ib  the  last  described  embryo,  although  the  embryonic  rim 
had  attained  to  a  considerable  development,  no  trace  of  the 
medullary  groove  had  made  its  appearance.  In  an  embryo  in 
the  next  stage  of  which  I  propose  describing  sections,  this  struc- 
ture has  become  visible. 

A  surface  view  of  a  blastoderm  of  this  age,  with  the  embryo, 
is  represented  on  PL  xxiv.  fig.  £ ;  and  I  shall,  for  the  sake  of 
convenience,  in  future  speak  of  embryos  of  this  age  as  belong- 
ing to  period  B. 

The  blastoderm  is  nearly  circular.  The  embryonic  rim  is 
represented  by  a  darker  shading  at  the  edge.  At  one  point 
in  this  rim  may  be  seen  the  embryo,  consisting  of  a  somewhat 
raised  area  with  an  axial  groove  {m  g).  The  head  end  of  the 
eml»:yo  is  that  which  points  towards  the  centre  of  the  blasto- 
derm, and  its  free  peripheral  extremity  is  at  the  edge  of  the 
blastoderm. 

A  longitudinal  section  of  an  embryo  of  the  same  age  as 
the  one  figured*  is  represented  on  PL  xxji.  fig.  7.  The  general 
growth  has  been  very  considerable,  though  as  before  explained, 
it  is  mainly  confined  to  that  part  of  the  blastoderm  where  th.e 
embryonic  rim  is  absent. 

A  fresh  feature  of  great  importance  is  the  complete  dis- 
appearance of  the  segmentation  cavity,  the  place  which  was 
previously  occupied  by  it  being  now  filled  up  by  an  irregular 
network  of  cells.  There  can  be  little  question  that  the  oblite* 
ration  of  the  segmentation  cavity  is  in  part  due  to  the  entrance 
into  the  blastoderm  of  fresh  cells  formed  around  the  nuclei  of 
the  yolk.  The  fcsmation  of  these  is  now  taking  place  with 
great  rapidity  and  can  be  very  easily  followed. 

Since  the  segmentation  cavity  ceases  to  play  any  further 
part  in  the  history  of  the  blastoderm,  it  will  be  well  shortly  to 
review  the  main  points  in  its  history. 

Its  earliest  appearance  is  involved  in  some  obscurity,  though 
it  probably  arises  as  a  simple  cavity  in  the  midst  of  the  lower 
layer  cells  (PL  xxi.  fig.  1).  In  its  second  phase  the  floor  ceases 
to  be  formed  of  lower  layer  cells,  and  the  place  of  these  is 
taken  by  the  yolk,  on  which  however  a  few  scattered  cells 

1  Owing  to  the  small  size  of  the  plates  this  section  has  been  drawn  on  a 
oondderably  smaUer  soale  than  that  represented  in  fig.  5. 
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still  remain  (PI.  xxi.  figs.  2,  S,  4).  During  the  third  period  of 
its  history,  a  distinct  cellular  floor  is  again  formed  for  it,  so 
that  it  coines  a  second  time  into  the  same  relations  with  the 
blastoderm  as  at  its  earliest  appearance.  The  floor  of  cells 
which  it  receives  is  in  part  due  to  a  growth  inwards  from  the 
periphery  of  the  blastoderm,  and  in  part  to  the  formation  of 
fresh  cells  from  the  yolk.  Coincidently  with  the  commencing 
differentiation  of  hypoblast  and  mesoblast  the  segmentation 
cavity  grows  smaller  and  vanishes. 

One  of  the  most  important  features  of  the  segmentation 
cavity  in  the  Elasmobranchs  which  I  have  studied,  is  the  fact 
that  throughout  its  whole  existence  its  roof  is  formed  of  lower 
layer  cells*  There  is  not  the  smallest  question  that  the  seg- 
mentation cavity  of  these  fishes  is  the  homologue  of  that  of 
Amphioxus,  BatrachianH,  etc.,  yet  in  the  case  of  all  of  these 
animals,  the  roof  of  the  segmentation  cavity  is  formed  of 
epiblast  only.  How  comes  it  then  to  be  formed  of  lower  layer 
cells  in  Elasmobranchii  ? 

To  this  question  an  answer  was  attempted  in  my  paper, 
"Upon  the  Early  Stages  of  the  Development  of  Vertebrates*.** 
It  was  there  pointed  out,  that  as  the  food  material  in  the  ovum 
increases,  the  bulk  of  the  lower  layer  cells  necessarily  also  in- 
creases ;  since  these,  as  far  as  the  blastoderm  is  concerned,  are 
the  chief  recipients  of  food  material.  This  causes  the  lower  layer 
cells  to  encroach  upon  the  segmentation  cavity,  and  to  close 
it  in  not  only  on  the  sides,  but  also  above;  from  the  same  cause 
it  results  that  the  lower  layer  cells  assume,  from  the  first,  a 
position  around  the  spot  where  the  future  alimentary  cavity 
will  be  formed,  and  that  this  cavity  becomes  formed  by  a 
simple  split  in  the  midst  of  the  lower  layer  ceUs,  and  not  by 
an  involution. 

All  the  most  recent  observations*  on  Osseous  Fishes  tend 
to  show  that  in  them,  the  roof  of  the  segmentation  cavity  is 
formed  alone  of  epiblast ;  but  on  account  of  the  great  difficulty 
which  is  experienced  in  distinguishing  the  layers  in  the  blasto- 
derms of  these  animals,  I  still  hesitate  to  accept  as  conclusive 
the  testimony  on  this  point. 

1  Quart,  Jowm.  of  Microicop,  Science,  July,  1S76. 

s  Oellacher,  Zeit.  /.  Wis$.  Zoologie,  Bd.  zziii.     Gotte,  Archiv  /.  Mikr. 
AnaL  Vol.  u.    Haeckd,  Zo«.  eit. 
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In  the  formation  a  second  time<  of  a  cellular  floor  for  the 
Segmentation  cavity  in  the  third  stage,  the  Elasmobiunch  embryo 
geems  to  resemble  that  of  the  Osseous  Fish*.  Upon  this  feature 
great  stress  is  laid  both  by  Dr  Gotte'  and  Prof.  Haeckel':  but  I 
am  unable  to  agree  with  the  interpretation  of  it  oflfered  by  them. 
Both  Dr  Gotte  and  Prof.  Haeckel  regard  the  -formation  of  this 
floor  as  part  of  an  involution  to  which  the  lower  layer  cells  owe 
their  origin,  and  consider  the  involution  an  equivalent  to  the 
alimentary  involution  of  Batrachians,  Amphioxus,  &a  To  this 
question  I  hope  to  return,  but  it  may  be  pointed  out  that  my 
observations  prove  that  this  view  can  only  be  true  in  a  very 
modified  sense;  since  the  invagination  by  which  hypoblast  and 
alimentary  canal  are  formed  in  Amphioxus  is  represented  in 
Elasmobranchs  by  a  structure  quite  separate  from  the  ingrowth 
of  cells  to  form  the  floor  of  the  segmentation  cavity. 

The  eventual  obliteration  of  the  segmentation  cavity  by 
cells  derived  from  the  yolk  is  to  be  regarded  as  an  inherited  rem- 
nant of  the  involution  by  which  this  obliteration  was  primitively 
effected.  The  passage  upwards  of  cells  from  the  yolk,  may 
possibly  be  a  real  survival  of  the  tendency  of  the  hjrpoblast  cells 
to  grow  inwards  during  the  process  of  involution. 

The  last  feature  of  the  segmentation  cavity  which  deserves 
notice  is  its  excentric  position.  It  is  from  the  first  situated  in 
much  closer  proximity  to  the  non- embryonic  than  to  the  embry- 
onic end  of  the  blastoderm.  This  peculiarity  in  position  is  also 
characteristic  of  the  segmentation  cavity  of  Osseous  Fishes,  as  is 
shown  by  the  concordant  observations  of  Oellacher*  and  Gotte'. 
Its  meaning  becomes  at  once  intelligibte  by  referring  to  the 
diagrams  in  my  paper*  on  the  Early  Stages  in  the  Development 
of  Vertebrates.  It  in  fact  arises  from  the  asymmetrical  charac- 
ter of  the  primitive  alimentary  involution  in  all  anamniotic 
vertebrates  with  the  exception  of  Amphioxus. 

Leaving  the  segmentation  cavity  I  pass  on  to  the  other 
features  of  my  sections. 

There  is  still  to  be  seen  a  considierable  aggregation  of  cells 
at  the  non-embryonic  end  of  the  blastoderm.  The  position  of 
this,  and  its  relations  with  the  portion  of  the  blastoderm  which 

^  This  floor  appears  in  most  OBseouB  Fish  to  be  only  partial! j  formed.  Vide 
Gotte,  loc.  cit. 

»  Loc.  eit,         •  Loe.  cit,  *  Loe.  cit.  »  Loc.  eit.         •  Loc.  eit. 
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at  an  earlier  period  contained  the  segmentation  cavity,  indicate 
that  the  growth  of  the  blastoderm  is  not  confined  to  its  edge, 
but  that  it  proceeds  at  all  points  causing  the  peripheral  parts  to 
glide  over  the  yolk. 

The  main  features  of  the  cells  of  this  blastoderm  are  the 
same  as  they  were  in  the  one  last  described.  In  the  non- 
embryonic  region  the  epiblast  has  thinned  out,  and  is  composed 
of  a  single  row  of  cells,  which,  in  the  succeeding  stages,  become 
much  flattened. 

The  lower  layer  cells  over  the  greater  part  of  their  extent, 
have  not  undergone  any  histological  changes  of  importance. 
Amongst  them  may  frequently  be  seen  a  few  exceptionally 
large  cells,  which  without  dx)ubt  have  been  derived  directly 
from  the  yolk. 

The  embiyonic  rim^  is  now  a  far  more  considerable  structure 
than  it  was.  Vide  PL  XXII.  fig.  7.  Its  elongation  is  mainly 
effected  by  the  continuous  conversion  of  rounded  lower  layer 
cells  into  columnar  hypoblkst  ceHs  at  its  central  or  anterior 
extremity. 

This  conversion  of  the  lower  layer  cells  into  hypoblast  cells 
is  still  easy  to  follow,  and  in  every  section  cells  intermediate 
between  the  two  are  to  be  seen.  The  nature  of  the  changes 
which  are  taking  place  requires  for  its  elucidation  transverse 
as  well  as  longitudinal  sections.  Transverse  sections  of  a  slightly 
older  embryo  than  B  are  represented  on:  PI.  xxii.  fig.  8  a,  8  b, 
and  8  c. 

Of  these  sections  a  is  the  most  peripheral  or  posterior,  and  c 
the  most  central  or  anterior.  By  a  combination  of  transverse  and 
longitudinal  sections,  and  by  an  inspection  of  a  surface  view, 
it  is  rendered  clear  that,  though  the  embryonic  rim  is  a  far  more 
considerable  structure  in  the  region  of  the  embryo  than  else- 
where (compare  fig.  6  and  fig.  7  and  7  a),  yet  that  this  gain 
in  size  is  not  produced  by  an  outgrowth  ef  the  embryo  beyond 
the  rest  of  the  germ,  but  by  the  conversion*  of  the  lower  layer 
cells  into  hypoblast  having  been  carried  far  further  towards  the 
centre  of  the  germ  in  the  axial  line  than  in  the  lateral  regions 
of  the  rim. 

The  most  anterior  of  the  series  of  transverse  sections  (PL  xxii. 
fig.  8  c)  I  have  represented,  is  especially  instructive  with  reference 
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to  this  point.  Though  the  emhryonic  rim  is  cut  through  at 
the  sides  of  the  sectioUi  yet  in  these  parts  the  rim  consistis 
of  hardly  more  than  a  continuity  between  epiblast  and  lower 
layer  cells,  and  the  lower  layer  cells  show  no  trace  of  a  divi- 
sion into  mesoblast  and  hypoblast.  In  the  axis  of  the  embryo,  • 
however,  the  columnar  hypoblast  is  quite  distinct;  and  on  it  a 
small  cap  of  mesoblast  is  seen  on  each  side  of  the  medullary 
groove.  Had  the  embryonic  rim  resulted  from  a  projecting 
growth  of  the  blastoderm,  such  a  condition  could  not  have 
existed.  It  might  have  been  possible  to  find  the  hypoblast 
formed  at  the  sides  of  the  section  and  not  at  the  centre ;  but 
the  reverse,  as  in  these  sections,  could  not  have  occurred. 
Indeed  it  is  scarcely  necessary  to  have  recourse  to  sections  to 
prove  that  the  growth  of  the  embryonic  rim  is  towards  the 
centre  of  the  blastoderm.  The  inspection  of  a  surface  view  of  a 
blastoderm  at  this  period  demonstrates  it  beyond  a  doubt  (PL 
XXIV.  fig.  B).  The  embryo,  close  to  which  the  embryonic  lim 
is  alone  largely  developed,  does  not  project  outwards  beyond 
the  edge  of  the  germ,  but  inwards  towards  its  centre. 

The  space  between  the  embryonic  rim  and  the  yolk  (PL  xxii. 
fig.  7  al.)  is  the  alimentary  cavity.  The  roof  of  this  is  therefore 
primitively  formed  of  hypoblast  and  the  floor  of  yolk.  The  exter* 
nal  opening  of  this  space  at  the  edge  of  the  blastoderm  is  the  exact 
morphological  homologue  of  the  anus  of  Busconi,  or  blastopore  of 
Amphioxus,  the  Amphibians,  &c.  The  importance  of  the  mode 
of  growth  in  the  embryonic  rim  depends  upon  the  homology  of 
the  cavity  between  it  and  the  yolk,  with  the  alimentary  cavity 
of  Amphioxus  and  Amphibians.  Since  this  homology  exists, 
the  direction  of  the  growth  of  this  cavity  ought  to  be,  as  it  in 
fact  is,  the  same  as  in  Amphioxus,  eta,  viz.  towards  the  centra 
of  germ  and  original  position  of  the  segmentation  cavity.  Thus 
though  a  true  invagination  is  not  present  as  in  the  other  cases, 
yet  this  is  represented  in  Elasmobranehs  by  the  continuous  con- 
version  of  lower  layer  cells  into  hypoblast  along  a  line  leading 
towards  the  centre  of  the  blastoderm. 

In  the  parts  of  the  rim  adjoining  the  embryo,  the  lower  layer 
cells,  on  becoming  continuous  with  the  epiblast  cells,  assume  a 
columnar  form.  At  the  sides  of  the  rim  this  is  not  strictly  the 
case,  and  the  lower  layer-cells  retain  their  rounded  form,  though 
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quite  continuous  with  the  epiblast  cella.  One  curious  feature 
of  the  layer  of  epiblast  in  these  lateral  parts  of  the  rim  is  the 
great  thickness  it  acquires  before  being  reflected  and  becoming 
continuous  with  the  hypoblast  (PL  XXll.  fig.  8c).  In  the  vicinity 
of  the  point  of  reflection  there  is  often  a  rather  large  formation 
of  cells  around  the  nuclei  of  the  yolk.  The  cells  formed  here 
no  doubt  pass  into  the  blastoderm,  and  become  converted  into 
coluumar  hypoblast  cells.  In  some  cases  the  formation  of  these 
cells  is  very  rapid^  and  they  produce  quite  a  projection  on  the 
under  side  of  the  hypoblast  Such  a  case  is  represented  in 
FL  ZXil.  fig.  8  b,  n.  aZ.  The  cells  constituting  this  mass  even- 
tually become  converted  into  the  lateral  and  ventral  walls  of  the 
alimentary  canaL 

The  formation  of  the  mesoblast  has  progressed  rapidly. 
While  many  of  the  lower  layer  cells  become  columnar  and  form 
the  hypoblast,  others^  between  these  and  the  epiblast,  remain 
spherical.  The  latter  do  not  at  once  become  separated  as  a 
layer  distinct  from  the  hypoblast,  and,  at  first,  are  only  to  be 
distinguished  from  them  through  their  different,  character,  vide 
Plate  XXII.  figs.  6  and  7.  They  nevertheless  constitute  the 
commencing  mesoblast 

Thus  much  of  the  mode  of  formation  of  the  mesoblast  can 
be  easily  made  out  in  longitudinal  sections,  but  transverse  sec- 
tions throw  still  further  light  upon  it. 

From  these  it  may  at  once  be  seen  that  the  mesoblast  is 
not  formed  in  one  continuous  sheet,  but  as  two  lateral  masses, 
one  on  each  side  of  the  axial  line  of  the  embryo  ^  In  my 
preliminary  account*  it  was  stated  that  this  was  a  condi- 
tion of  the  mesoblast  at  a  very  early  period,  and  that  it  wa3 
probably  its  condition  from  the  beginning.  Sections  are  now  in 
my  possession  which  satisfy  me  that,  from  the  very  first  the 
mesoblast  arises  as  two  distinct  lateral  masses,  one  on  each  side 
of  the  axial  line. 

^  Professor  Lieberkiilin  (OeselUehaft  xu  Marburg,  Jan.  1876)  finds  in  Mam* 
malia  a  bilateral  airangement  of  the  mesoblast,  wMoh  he  compares  with  that 
described  by  me  in  Elasmobranchs.  In  Mammalia,  however,  he  finds  the  two 
masses  of  mesoblast  connected  by  a  very  thin  layer  of  cells,  and  is  apparently  of 
opinion  that  a  similar  thin  layer  ezuts  in  Blasmobranchs  thongh  overjtooked  by 
ma  I  can  definitely  state  that,  whatever  may  be  the  condition  of  the  mesoblast 
in  Mammalia,  in  Elasmobranchs  at  any  rate  no  such  layer  exists. 

*  Loe,  eit. 
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In  the  embryo  from  which  the  sections  PL  XXII.  fig.  8  ct,  8  J, 
8  c  were  taken,  the  mesoblast  had,  in  most  parts,  not  yet  become 
iseparated  from  the  hypoblast.  It  still  formed  with  this  a  con- 
tinuous layer,  though  the  mesoblast  cells  were  distinguish- 
able by  their  shape  from  the  hypoblast.  In  only  one  section 
{b)  was  any  part  of  the  mesoblast  quite  separated  from  the 
hypoblast. 

In  the  hindermost  part  of  the  embryo  the  mesoblast  is  at  its 
maximum,  and  forms,  on  each  side,  a  continuous  sheet  extending 
from  the  median  line  to  the  periphery  (fig.  8  a).  The  rounder 
form  of  the  mesoblast  cells  render  the  line  of  jun'ction  between 
the  layer  constituted  by  them  and  the  hypoblast  fairly  distinct ; 
but  towards  the  periphery,  where  the  hypoblast  cells  have  the 
same  rounded  form  as  the  mesoblast,  the  fusion  between  the 
two  layers  is  nearly  complete. 

In  an  anterior  section  the  mesoblast  is  only  present  as  a  cap 
on  both  sides  of  the  medullary  groove,  and  as  a  mass  of  cells 
at  the  periphery  of  the  section  (fig.  8  b) ;  but  no  continuous  layer 
of  it  is  present.  In  the  foremost  of  the  three  sections  (fig.  8  c) 
the  mesoblast  can  scarcely  be  said,  to  have  become  in  any 
way  separated  from  the  hypoblast  except  at  the  summit  of  the 
medullary  folds  (m). 

From  these  and  similar  sections  it  may  be  certainly  con- 
cluded, that  the  mesoblast  becomes  first  separated  from  the 
hypoblast  as  a  distinct  layer  in  the  posterior  region  of  the  em- 
bryo, and  only  at  a  later  period  in  the  region  of  the  head. 

In  an  embryo  but  slightly  more  developed  than  B,  the 
formation  of  the  layer  is  quite  completed  in  the  region  of  the 
embryo.    To  this  embryo  I  now  pass  on. 

In  the  non-embryonic  parts  of  the  blastoderm  no  fresh  fea- 
tures of  interest  have  appeared.  It  still  consists  of  two  layers. 
The  epiblast  is  composed  of  flattened  cells,  and  the  lower  layer 
of  a  network  of  more  rounded  cells,  elongated  in  a  lateral 
direction.  The  growth  of  the  blastoderm  has  continued  to  be 
very  rapid. 

In  the  region  of  the  embryo  (PI.  xxii.  fig.  9)  more  important 
changes  have  occurred.  The  epiblast  still  remains  as  a  single 
row  of  columnar  cells.  The  hypoblast  is  no  longer  fused  with 
the  mesoblast,  and  forms  a  distinct  dorsal  wall  for  the  alimentary 
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cavity.  Though  along  the  axis  of  the  embryo  the  hypoblast  is 
composed  of  a  single  row  of  columnar  cells,  yet  in  the  lateral 
part  of  the  embryo  its  cells  are  less  columnar  and  are  one  or 
two  deep. 

Owing  to  the  manner  in  which  the  mesoblast  became  split 
off  from  the  hypoblast,  a  continuity  is  maintained  between  the 
hypoblast  and  the  lower  layer  cells  of  the  blastoderm  (PI.  xxii. 
fig.  9),  while  the  two  plates  of  mesoblast  are  isolated  and  dis- 
connected from  any  other  masses  of  cells. 

The-  alimentary  cavity  is  best  studied  in  transverse  sectiona 
(vide  PL  XXIII.  fig.  1 0  a,  106  and  10  c,  three  sections  from  the  sam6 
embryo.)  It  is  closed  in  above  and  at  the  sides  by  the  hypoblast, 
and  below  by  the  yolk.  In  its  anterior  part  a  floor  is  commencing 
to  be  formed  by  a  growth  of  cells  from  the  walls  of  the  two 
sides.  The  cells  for  this  growth  are  formed  around  the  nuclei 
of  the  yolk ;  a  feature  which  recalls  the  fact  that  in  Amphibians 
the  ventral  wall  of  the  alimentary  cavity  is  similarly  formed  in 
part  from  the  so-called  yolk  cells. 

We  left  the  mesoblast  as  two  masses  not  completely  sepa- 
rated from  the  hypoblast.  During  this  stage  the  separation 
between  the  two  becomes  complete,  and  there  are  formed  two 
great  lateral  plates  of  mesoblast  cells,  one  on  each  side  of  the 
medullary  groove.  Each  of  these  corresponds  to  a  united 
vertebral  and  lateral  plate  of  the  higher  Vertebrates.  The  plates 
are  thickest  in  the  middle  and  posterior  regions  (PL  xxiii.  fig. 
10  a  and  10  b),  but  thin  out  and  almost  vanish  in  the  region  of 
the  head.  The  longitudinal  section  of  this  stage  represented  in 
Fl.  XXIII.  fig.  9,  passes  through  one  of  the  lateral  masses  of 
mesoblast  cells,  and  shows  very  distinctly  its  complete  inde- 
pendence of  all  the  other  cells  in  the  blastoderm. 

From  what  has  been  stated  with  reference  to  the  develop- 
jnent  of  the  mesoblast,  it  is  clear  that  in  Elasmobranchs  this 
layer  is  derived  from  the  same  mass  of  cells  as  the  hypoblast, 
and  receives  none  of  its  elements  from  the  epiblast.  In  connec- 
tion with  its  development,  as  two  independent  lateral  masses, 
I  may  observe,  as  I  have  previously  done\  that  in  this  respect 
it  bears  a  close  resemblance  to  mesoblast  in  Euazes,  as  de- 

^  Quart.  Joum.  of  Microte.  Science,  Oct.,  1874. 


536  MR  BALFOUR. 

scribed  by  Kowalevsky  \  This  resemblance  is  of  some  interest, 
AS  bearing  on  a  probable  Annelid  origin  of  vertebrata.  Kow* 
alevsky  has  also  shown'  that  the  mesoblast  in  Ascidians  is 
similarly  formed  as  two  independent  masses,  one  on  each  side 
of  the  middle  line. 

It  ought,  however,  to  be  pointed  out  that  a  similar  bilateral 
origin  of  the  mesoblast  had  been  recently  met  with  in  Lymnoeus 
by  Carl  Babl  \  A  fact  which  somewhat  diminishes  the  genea- 
logical value  of  this  feature  in  the  mesoblast  in  Elasmobranchs. 

During  the  course  of  this  stage  the  spherules  of  food  yolk 
immediately  beneath  the  embryo  are  used  up  very  rapidly. 
As  a  result  of  this  the  protoplasmic  network,  so  often  spoken 
of,  comes  very  plainly  into  view.  Considerable  areas  may  some- 
times be  seen  without  any  yolk  spherule  whatever. 

On  PL  xxil/fig.  7  a,  and  PL  xxiii.  11  and  12,  I  have 
attempted  to  reproduce  the  various  appearances  presented  by 
this  network :  and  these  figures  give  a  better  idea  of  it  than 
any  description.  My  observations  tend  to  show  that  it  extends 
through  the  whole  yolk,  and  serves  to  hold  it  together.  It  has 
not  been  possible  for  me  to  satisfy  myself  that  it  had  any  defi«- 
nite  limits,  but  on  the  other  hand,  in  many  parts  all  my  efforts 
to  demonstrate  its  presence  have  failed.  When  the  yolk  sphe- 
rules are  very  thickly  packed,  it  is  difficult  to  make  out  for  cer- 
tain whether  it  is  present  or  absent,  and  I  have  not  succeeded  in 
removing  the  yolk  spherules  from  the  network  in  cases  of  this 
kind.  In  medium-sized  ovarian  eggs  this  network  is  very  easily 
seen,  and  extends  through  the  whole  yolk.  Part  of  such  an 
egg  is  shown  in  PL  xxiii.  fig.  14.  In  full-sized  ovarian  eggs, 
according  to  Schultz^  it  forms,  as  was  mentioned  in  the  first 
chapter,  radiating  striae,  extending  from  the  centre  to  the  peri- 
phery of  the  egg.  When  examined  with  the  highest  powers, 
the  lines  of  this  network  appear  to  be  composed  of  immea- 
surably small  granules  arranged  in  a  linear  direction.  These 
granules  are  more  distinct  in  chromic  acid  specimens  than  ia 

^  EmbtyologiBche  Sindien  an  Wtinnen  tu  Arthropoden.    ilhnoire»  d.  VAcad, 
S.  Pit^shourg,    Vol.  xiv.    1873. 

*  Archiv  JUr  Mikr,  Anat.     Vol.  vil. 

*  Jenaitehe  ZeiUckrift,    Vol.  ix.     1875.    A  bilateral  developmeDt  of  meso- 
blast, according  to  Professor  Haeckel  {he,  cit.)^  occurs  in  some  Osseous  Fish. 

*  ArckivfUr  Mikr.  Anat.    Vol.  xt 
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those  hardened  in  osmic  acid,  but  are  to  be  seen  in  both. 
There  can  be  little  doubt  that  these  granules  are  imbedded 
in  a  thread  or  thin  layer  of  protoplasm. 

I  have  already  (p.  523)  touched  upon  the  relation  of  this 
network  to  the  nuclei  of  the  yolk*. 

During  the  stages  which  have  just  been  described  specially 
favourable  views  are  frequently  to  be  obtained  of  the  formation 
of  cells  in  the  yolk  and  their  entrance  into  the  blastoderm. 
Two  representations  of  these  are  given,  in  PL  xxil.  fig.  7  a, 
and  PL  xxin.  fig.  13.  In  both  oi  these  distinctly  circumscribed 
cells  are  to  be  seen  in  the  yolk  (o),  and  in  all  cases  are  situated 
near  to  the  typical  nuclei  of  the  yolk.  The  cells  in  the  yolk 
have  such  a  relation  to  the  surrounding  parts,  that  it  is  quite 
certain  that  their  presence  is  not  due  to  artificial  manipulation, 
and  in  some  cases  it  is  even  difficult  to  decide  whether  or  no  a 
cell  area  is  circumscribed  round  a  nucleus  (PL  xxiii.  fig.  13). 
Though  it  would  be  possible  for  cells  in  the  living  state  to  pass 
from  the  blastoderm  into  the  yolk,  yet  the  view  that  they  have 
done  so  in  the  cases  under  consideration  has  not  much  to  re- 
commend it,  if  the  following  facts  be  taken  into  consideration. 
(1)  That  the  cells  in  the  yolk  are  frequently  larger  than  those 
in  the  blastoderm.  (2)  That  there  are  present  a  very  large 
number  of  nuclei  in  the  yolk  which  precisely  resemble  the 
nuclei  of  the  cells  under  discussion.  (3)  That  in  some  cases 
(PL  xxiii.  fig.  13)  cells  are  seen  indistinctly  circumscribed  as  if 
in  the  act  of  being  formed. 

Between  the  blastoderm  and  the  yolk  may  frequently  be 
seen  a  membrane-like  structure,  which  becomes  stained  with 
hsematoxylin,  osmic  acid  etc  It  appears  to  be  a  layer  of 
coagulated  albumen  and  not  a  distinct  membrane. 

1  A  protoplasmic  network  resembling  in  its  essentinl  features  the  one  just 
described  has  been  noticed  by  many  observers  in  other  ova.  Fol  has  figured 
and  described  a  network  or  sponge-like  arrangement  of  the  protoplasm  in  the 
eggs  of  Geryonia.  (JenaUche  ZHUchrift,  vol  Tii.)  MetschniHofl  (Zeitschrift  f, 
Wiss.  Zoologiet  1874)  has  demonstrated  its  presence  in  the  ova  of  many  Sipho- 
nophorias  and  Medusas.  Flemming  {Entwicklungsgeschichte  der  Najaden,  Sitz. 
der  k,  A  had,  Wien,  1875)  has  found  it  in  the  ovarian  ova  of  fresh^water  mussels 
(Anodonta  and  Unio),  but  regards  it  as  due  to  the  action  of  reagents,  since  he 
fails  to  find  it  in  the  fresh  condition.  Amongst  vertebrates  it  has  been  carefuUy 
described  by  Eimer  (Archiv  filr  Mikr,  Anat.^  vol.  vixi.)  in  the  ovarian  ova  of 
Beptiles.  Eimer  moreover  finds  that  it  is  continuous  with  prolongations  from 
cells  of  the  epithelium  of  the  foUicle  in  which  the  ovum  is  contained.  Accord- 
ing to  him  remnants  of  this  network  are  to  be  met  with  in  the  ripe  ovum,  but 
are  no  longer  present  in  the  ovum  when  taken  from  the  oviduct. 
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Summary.  . 

At  the  close  of  segmentation,  the  blastoderm  forms  a  some- 
ivhat  lens-shaped  disc,  thicker  at  one  end  than  at  the  other ; 
the  thicker  end  being  termed  the  embryonic  end. 

It  is  divided  into  two  layers — an  upper  one,  the  epiblast, 
formed  by  a  single  row  of  columnar  cells;  and  a  lower  one,  con- 
sisting of  the  remaining  cells  of  the  blastoderm. 

A  cavity  next  appears  in  the  lower  layer  cells,  near  the  non- 
embryonic  end  of  the  blastoderm,  but  the  cells  soon  disappear 
from  the  floor  of  this  cavity  which  then  comes  to  be  constituted 
by  yolk  alone. 

The  epiblast  in  the  next  stage  is  reflected  for  a  small  arc  at 
the  embryonic  end  of  the  blastoderm,  and  becomes  continuous 
with  the  lower  layer  cells;  at  the  same  time  some  of  the  lower 
layer  cells  of  the  embryonic  end  of  the  blastoderm  assume  a 
columnar  form,  and  constitute  the  commencing  hypoblast.  The 
portion  of  the  blastoderm,  where  epiblast  and  hypoblast  are 
continuous,  forms  a  projecting  structure  which  I  have  called  the 
Embryonic  rim.  This  rim  increases  rapidly  by  growing  inwards 
more  and  more  towards  the  centre  of  the  blastoderm,  through 
the  continuous  conversion  of  lower  layer  cells  into  columnar 
hypoblast. 

While  the  embryonic  rim  is  being  formed,  the  segmentation 
cavity  undergoes  important  changes.  In  the  first  place,  it 
receives  a  floor  of  lower  layer  cells,  partly  from  an  ingrowth 
from  the  two  sides,  and  partly  from  the  formation  of  cells 
around  the  nuclei  of  the  yolk. 

Shortly  after  the  floor  of  cells  has  appeared,  the  whole  seg- 
mentation cavity  becomes  obliterated. 

.  When  the  embryonic  rim  has  attained  to  some  importance, 
the  position  of  the  embryo  becomes  marked  out  by  the  appear- 
ance of  the  medullary  groove  at  its  most  projecting  part.  The 
embryo  extends  from  the  edge  of  the  blastoderm  inwards  to- 
wards the  centre. 

At  about  the  time  of  the  formation  of  the  medullary  groove, 
the  mesoblast  becomes  definitely  constituted.  It  arises  as  two 
independent  plates,  one  on  each  side  of  the  medullary  groove, 
and  is  entirely  derived  from  lower  layer  cells. 
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The  two  plates  of  mesoblast  are  at  first  unconnected  with  any 
other  cells  of  the  blastoderm,  and,  on  their  formation,  the  hypo- 
blast remains  in  connection  with  all  the  remaining  lower  layer 
cells.  Between  the  embryonic  rim  and  the  yolk  is  a  cavity, — 
the  primitive  alimentary  cavity.  Its  roof  is  formed  of  hypo- 
blast, and  its  floor  of  yolk.  Its  extei-nal  opening  is  homologous 
with  the  anus  of  Rusconi  of  Amphioxus  and  the  Amphibians. 
The  ventral  wall  of  the  alimentary  cavity  is  eventually  derived 
from  cells  formed  in  the  yolk  around  the  nuclei  which  are 
there  present. 

Since  the  important  researches  of  Gegenbaur*  upon  the 
meroblastic  vertebrate  eggs,  it  has  been  generally  admitted 
that  the  ovum  of  every  vertebrate,  however  complicated  may 
be  its  apparent  constitution,  is  nevertheless  to  be  regarded  as  a 
simple  cell.  This  view  is,  indeed,  opposed  by  His*  and  to  a 
very  modified  extent  by  Waldeyer',  and  has  recently  been 
attacked  from  an  entirely  new  standpoint  by  Gotte*;  but,  to 
my  mind,  the  objections  of  these  authors  do  not  upset  the 
well  founded  conclusions  of  previous  observations. 

As  soon  as  the  fact  is  recognised  that  both  meroblastic 
and  holoblastic  eggs  have  the  same  fundamental  constitution, 
the  admission  follows,  naturally,  though  not  necessarily,  that 
the  eggs  belonging  to  these  two  classes  differ  solely  in  degree, 
not  only  as  regards  their  constitution,  but  also  as  regards  the 
manner  in  which  they  become  respectively  converted  into  the 
embryo.  As  might  have  been  anticipated,  this  view  has  gained 
a  wide  acceptance. 

Amongst  the  observatious,  which  have  given  a  strong 
objective  support  to  this  view,  may  be  mentioned  those  of 
Professor  Laukester  upon  the  development  of  Cephalopoda*^, 
and  of  Dr  Gotte*  upon  the  development  of  the  Hen's  egg.  In 
Loligo  Professor  Lankester   showed   that  there  appeared,   in 

1  Wirbelthiereier  mit  partieUer  Dottertheilang.    MiUUr't  Arch.  1861. 

*  Ertte  Anlage  des  Wirbeltkierleibes. 
>  Eierstock  u.  Ei, 

^  Entwicklungsgeichichte  der  Unke.  The  important  researches  o(  Gotte  on 
the  development  of  the  ovum,  though  meriting  the  most  careful  attention,  do 
not  admit  of  discussion  in  this  place. 

^  AnnaU  and  Magaz,  of  Natural  History ^  Vol.  xi.  1873,  p.  81. 

•  Arehivf.  Mikr.  Anat.  Vol.  x. 
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the  part  of  the  egg  usually  considered  as  food-yolk,  a  num*- 
ber  of  bodieS;  which  eventually  developed  a  nucleus  and  be- 
came cells,  and  that  these  cells  entered  into  the  blastoderm. 
These  observations  demonstrate  that  in  the  eggs  of  Loligo  the 
so-called  food-yolk  is  merely  equivalent  to  a  part  of  the  egg 
which  in  other  cases  undergoes  seementation. 

The  observations  of  Dr  Gotte  hZ  a  similar  bearing.  He 
made  out  that  in  the  eggs  of  the  Hen  no  sharp  line  is  to  be 
found  separating  the  germinal  disc  from  the  yolk,  and  that, 
independently  of  the  normal  segmentation,  a  number  of  cells 
are  derived  from  that  part  of  the  egg  hitherto  regarded  as 
exclusively  food-yolk.  This  view  of  the  nature  of  the  food-yolk 
was  also  advanced  in  my  preliminary  account  of  the  develop- 
ment of  £lasmobranchs\  and  it  is  now  my  intention  to  put 
forward  the  positive  evidence  in  favour  of  this  view,  which  is 
supplied  from  a  knowledge  of  the  phenomena  of  the  develop- 
ment of  the  Elajsmobranch  ovum;  and  then  to  discuss  how  fax 
the  facts  of  the  growth  of  the  blastoderm  in  Elasmobranchs 
accord  with  the  view  that  their  large  food-yolk  is  exactly 
equivalent  to  part  of  the  ovum,  which  in  Amphibians  undergoes 
segmentation,  rather  than  some  fresh  addition,  which  has  no 
equivalent  in  the  Amphibian  or  other  holoblastic  ovum. 

Taking  for  granted  that  the  ripe  ovum  is  a  single  cell,  the 
question  arises  whether  in  the  case  of  meroblastic  ova  the  cell 
is  not  constituted  of  two  parts  completely  separated  from  one 
another. 

Is  the  meroblastic  ovum,  before  or  after  impregnation,  com- 
posed of  a  germinal  disc  in  which  aM  the  protoplasm  of  the  cell 
is  aggregated,  and  of  a  food-yolk  in  which  no  protoplasm  is 
present?  or  is  the  protoplasm  present  throughout,  being  simply 
tnore  concentrated  at  the  germinal  pole  than  elsewhere?  If  the 
former  alternative  is  accepted,  we  must  suppose  that  the  mass  of 
food-yolk  is  a  something  added  which  is  not  present  in  holoblas- 
tic ova.  If  the  latter  alternative  is  accepted,  it  may  then  be 
maintained  that  holoblastic  and  meroblastic  ova  are  constituted 
in  the  same  way  and  differ  only  in  the  proportions  of  their  con- 
stituents. 

*  Quart.  Joum.  of  After.  Science y  Oct.  1874. 
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My  own  observations  in  conjunction  with  the  specially  inter- 
esting observations  of  Dr  Schultz^  justify  the  view  which  regards 
the  protoplasm  as  present  throughout  the  whole  ovum,  and  not 
confined  to  the  germinal  disc.  Our  observations  show  that  a 
fine  protoplasmic  network,  with  ramifications  extending  through- 
out the  whole  yolk,  is  present  both  before  and  after  impregna- 
tion. 

The  presence  of  this  network  is,  in  itself,  only  sufficient  to 
prove  that  the  yolk  may  be  equivalent  to  part  of  a  holoblastic 
ovum;  to  demonstrate  that  it  is  so  requires  something  more, 
and  this  link  in  the  chain  of  evidence  is  supplied  by  the 
nuclei  of  the  yolk,  which  have  been  so  often  referred  to. 

These  nuclei  arise  independently  in  the  yolk,  and  become 
the  nuclei  of  ceUs  which  enter  the  germ  and  the  bodies  of  which 
are  derived  firom  the  protoplasm  of  the  yolk.  Not  only  so,  but 
the  cells  formed  around  these  nuclei  play  the  same  part  in  the 
development  of  Elasmobranchs  as  do  the  largest  so-called  yolk- 
cells  in  the  development  of  Amphibians.  Like  the  homologous 
cells  in  Amphibians,  they  mainly  serve  to  form  the  ventral  wall 
of  the  alimentary  canal  and  the  blood-corpuscles.  The  identity 
in  the  fate  of  the  so-called  yolk-cells  of  Amphibians  with  the  cells 
derived  from  the  yolk  in  Elasmobranchs,  must  be  considered 
as  a  proof  of  the  homology  of  the  yolk-cells  in  the  first  case 
with  the  yolk  in  the  second;  the  difference  between  the  yolk  in 
the  two  cases  arising  from  the  fact  that  in  the  Elasmobranch 
ovum  the  yolk-spherules  bear  a  larger  proportion  to  the  proto- 
plasm than  they  do  in  the  Amphibian  ovum.  As  I  have 
suggested  elsewhere',  the  segmentation  or  non-segmentation  of 
a  particular  part  of  the  ovum  depends  solely  upon  the  proportion 
borne  by  the  protoplasm  to  the  yolk  particles;  so  that,  when 
the  latter  exceed  the  former  in  a  certain  fixed  proportion, 
segmentation  is  no  longer  possible;  and,  as  this  limit  is  ap- 
proached, segmentation  becomes  slower,  and  the  resulting 
segments  larger  and  larger. 

The  question  how  far  the  facts  of  developmental  history  of 
the  various  vertebrate  blastoderms  accord  with  the  view  of  the 
nature  of  the  yolk  just  propounded,  is  one  of  considerable 

>  Archiv  /.  Mikr.  Anat.  Vol.  m. 

•  Comparison,  dtc,  Quart.  Journ.  Mier.  Science,  July,  1876. 
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interest.  An  answer  to  it  has  already  been  attempted  from  a 
general  point  of  view  in  my  paper^  entitled  '  the  comparison  of 
the  early  stages  of  development  in  vertebrates';  but  the  subject 
may  be  conveniently  treated  here  in  a  special  manner  for 
Elasmobranch  embryos. 

In  the  wood-cut,  fig.  1  A,  B,  C\  are  represented  three  dia- 
grammatic longitudinal  sections  of  an  Elasmobranch  embryo. 


Pig.  1. 


Diagrammatio  longitudinal  sections  of  an  Elasmobranch  embryo. 

Epihlatt  without  shading.  Mefoblast  black  with  dear  outlines  to  the  cells. 
Lower  layer  celli  and  hypoblast  with  simple  shading. 

ep,  epiblast.  m.  mesoblast.  <U,  alimentary  cavity.  »g.  segmentation 
cayity.  ne,  neural  eanal.  eh.  notochord.  x.  point  where  epiblast  and  hypo- 
blast become  continuous  at  the  posterior  end  of  the  embryo,    n.  nuclei  of  yolk. 

A,  Section  of  young  blastoderm,  with  segmentation  cavity  in  the  middle  of 
the  lower  layer  cells. 

B,  Older  blastoderm  with  embryo  in  which  hypoblast  and  mesoblast  are 
distinctly  formed,  and  in  which  the  alimentary  slit  has  appeared.  The  seg- 
mentation icavity  is  still  represented  as  being  present,  though  by  thiB  stagie 
it  has  in  reality  disappeared. 

C  Older  blastoderm  with  embryo  in  which  neural  eanal  has  become 
formed,  and  is  continuous  posteriorly  with  alimentary  canal. 

^  Loc.  cit, 

*  This  figure,  together  with  fig.  2  and  8,  are  reproduced  from  my  paper  upon 
the  comparison  of  the  early  stages  of  development  in  vertebrates. 
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A  nearly  coTTespondB  with  the  loogitudiaal  section  represented 
on  PL  III.  fig.  4,  and  B  with  Pi.  xxii.  fig.  7.  In  PL  xin.  fig.  7, 
the  segmentation  cavity  ha^  however  completely  disappeared, 
while  it  is  still  represented  as  present  in  the  diagram  of  the 
same  period.  If  these  diagrams,  or  better  still,  the  wood-cuts, 
fig.  2  A,  B,  C  (which  only  differ  from  those  of  the  Elasmo- 
branch  fish  in  the  smaller  amount  of  food-yolk),  be  compared 
with  the  corresponding  ones  of  Bombinator,  fig.  3  A,  S,  C, 
they  will  be  found  to  be  in  fundamental  agreement  with  them. 
First  let  fig:  1  A,  or  fig.  2  A,  or  PL  XXL  fig.  4,  be  compared 

Fia.  3. 
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Diflgranmutic  lon^tndiiiBl   aeotiona  of  embiyo,  vhich  develops  in  the  Mme 
manner  ■■  the  ElaMDObiiuch  emb[7a,  but  in  whioh  the  orutn  contkiiiB  fmr 
less  food-yolk  than  is  the  case  with  the  Elaamobnuicli  ovam. 
EpibUul  without  shading.     Meioblatt  black  with  dear  ontlinea  to  the  cells. 

Lover  layer  etUi  and  kypoblatl  with  eimpls  shading. 

ep.   epiblart.      m.   mesoblagt.      hy.  hypoblast.       tg.  segmentation  cavity. 

al.  uimentary  oavitj.     «e.  neural  oanaL      A/.  head-Cold.    n.  nnclei  of  the  yolk. 
The  stages  A,  B  and  C  are  the  same  as  in  figure  1. 


witb  fig.  3  A.  In  all  there  ia  present  a  segmentation  cavity 
situated  not  centrally  but  near  the  surface  of  the  egg.  The 
roof  of  the  cavity  ia  thin  in  all,  being  composed  in  the 
Amphibian  of  epiblast  alone,  and  in  the  Elasmobranch  of 
epiblast  and  lower  layer  cells.    The  floor  of  the  cavity  is,  in 
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Epiblatt  mthont  ghadiiig.  SItiobUut  black  with  olev  ontUnea  to  the  oellB. 
Lmeer  Uiyer  eilli  and  hypobUut  with  single  shading. 

«j,  epiblaat.  1.1.  lower  layer  oalla.  y.  smaller  lower  layer  oelli  at  the  ddea 
of  the  segmentation  oa-rity.  m.  meBoblaet.  hy.  hypoblast,  al.  alimentary  oavity. 
n.  segmentation  oarity,    ne.  neural  cavity,     yk.  yolk^jeUe. 

A.  Ib  the  youngest  atage  in  which  the  alimentary  involntion  has  not  yet  ap- 
peared. I  ie  the  point  from  which  the  involntion  will  start  to  form  the  doTMl  wall 
ol  the  alimentary  tract.  The  line  on  each  side  of  the  segmentation  oavity,  which 
separates  the  smaller  lower  layer  cells  Irom  the  epiblast  cells,  is  not  present  in 
OStte's  oripnal  flgnre.  The  two  shadings  of  diagram  render  it  neoesaacy  to  have 
Bome  line,  but  at  this  stage  it  is  in  reality  not  possible  to  araert  whioh  oeUs 
belong  to  the  epihlaat  and  which  to  the  lower  layer. 

S.  In  this  stage  the  alimentary  oavity  has  become  tormed,  bat  the  segmen- 
tation cavity  is  not  yet  obliterated. 

X.  point  where  epiblast  and  hypoblast  become  continnons. 

C.  The  neural  canal  is  already  formed,  and  oommuoioatei  posteriorly 
with  the  alimentary. 

X.  point  wbeie  epiblast  and  hypoblast  beoome  oontinDous. 
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all,  formed  of  so-called  yolk  (Vide  PI.  XXI.  fig.  4),  which  in 
all  forms  the  main  mass  of  the  egg.  In  the  Amphibian  the 
yolk  is  segmented,  and,  though  it  is  not  segmented  in  the  Elas- 
mobranch,  it  contains  in  compensation  the  nuclei  so  often  men- 
tioned. In  all  the  sides  of  the  segmentation  cavity  are 
formed  by  lower  layer  cells.  In  the  Amphibian  the  sides 
are  enclosed  by  smaller  cells  (in  the  diagram)  which  corre- 
spond exactly  in  function  and  position  with  the  lower  layer  cells 
of  the  Elasmobranch  blastoderm. 

The  relation  of  the  yolk  to  the  blastoderm  in  the  Elasmo- 
branch embryo  at  this  stage  of  development  very  well  suits  the 
view  of  its  homology  with  the  large  cells  of  the  Amphibian 
ovum.  The  only  essential  difference  between  the  two  ova 
arises  from  the  roof  of  the  segmentation  cavity  being  in  the 
Elasmobranch  embryo  formed  of  lower  layer  cells,  which  are 
absent  in  the  Amphibian  embryo.  This  difference  no  doubt 
depends  upon  the  greater  quantity  of  yolk  particles  present  in 
the  Elasmobranch  ovum.  These  increase  the  bulk  of  the  lower 
layer  cells,  which  are  thus  compelled  to  creep  up  the  sides  of 
the  segmentation  cavity  till  they  close  it  in  above. 

In  the  next  stage  for  the  Elasmobranch,  fig.  1  and  2  B  and 
PI.  XXII.  fig.  7,  and  for  the  Amphibian,  fig.  3  -B,  the  agreement 
between  the  two  types  is  again  very  close.  In  both  for  a  small 
l)ortion  (x)  of  the  edge  of  the  blastoderm  the  epiblast  and  hypo- 
blast become  continuous,  while  at  all  other  parts  the  epiblast, 
accompanied  by  lower  layer  cells,  grows  round  the  yolk  or 
round  the  large  cells  which  correspond  to  it.  The  yolk-cells 
of  the  Amphibian  ovum  form  a  comparatively  small  mass, 
find  are  therefore  rapidly  enveloped;  while  in  the  case  of  the 
Elasmobranch  ovum,  owing  to  the  greater  mass  of  the  yolk, 
the  same  process  occupies  a  long  period.  In  both  ova  the 
I)ortion  of  the  blastoderm,  where  epiblast  and  hypoblast  become 
continuous,  forms  the  dorsal  lip  of  an  opening — the  anus  of 
llusconi — which  leads  into  the  alimentary  cavity.  This  cavity 
las  the  same  relation  in  both  ova.  It  is  lined  dorsally  by  lower 
layer  cells,  and  ventrally  by  yolk  or  what  corresponds  with  yolk ; 
the  ventral  epithelium  of  the  alimentary  canal  being  in  both 
cases  eventually  supplied  by  the  yolk-cells. 

As  in  the  earlier  stage,  bo  in  the  present  one,  the  anatomical 
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relations  of  the  yolk  to  the  blastoderm  in  the  one  case  (Elasmo- 
branch)  are  nearly  identical  with  those  of  the  yolk-cells  to  the 
blastoderm  in  the  other  (Amphibian).  The  main  features  in 
which  the  two  embryos  differ,  during  the  stage  under  considera- 
tion, arise  from  the  same  cause  as  the  solitary  point  of  differ- 
ence during  the  preceding  stage. 

In  Amphibians,  the  alimentary  cavity  is  formed  by  a  true 
ingrowth  of  cells  from  the  point  where  epiblajst  and  hypoblast 
become  continuous,  and  from  this  ingrowth  the  dorsal  wall  of 
the  alimentary  cavity  is  formed.  The  same  ingrowth  causes 
the  obliteration  of  the  segmentation  cavity. 

In  the  Elasmobranchs,  owing  to  the  larger  bulk  of  the  lower 
layer  cells  caused  by  the  food-yolk,  these  have  been  compelled 
to  arrange  themselves  in  their  final  position  during  segmenta- 
tion, and  no  room  is  left  for  a  true  invagination;  but  instead 
of  this  there  is  formed  a  simple  split  between  the  blastoderm 
and  the  yolk.  The  homology  of  this  with  the  primitive 
invagination  is  nevertheless  proved  by  the  survival  of  a 
number  of  features  belonging  to  the  ancestral  condition  in 
which  a  true  invagination  was  present.  Amongst  the  more 
important  of  these  are  the  following : — (1)  The  continuity  of 
epiblast  and  hypoblast  at  the  dorsal  lip  of  the  anus  of  Rus- 
coni.  (2)  The  continuous  conversion  of  indifferent  lower  layer 
cells  into  hypoblast,  which  gradually  extends  backwards  towards 
the  segmentation  cavity,  and  exactly  represents  the  course  of 
the  invagination  whereby  in  Amphibians  the  dorsal  wall  of 
the  alimentary  cavity  is  formed.  (3)  The  obliteration  of  the 
segmentation  cavity  during  the  period  when  the  pseudo-invagi- 
nation  is  occurring. 

The  asymmetry  of  the  gastrula  or  pseudo-gastrula  in  Cyclo- 
stomes.  Amphibians,  Elasmobranchs  and,  I  believe.  Osseous 
Fishes,  is  to  be  explained  by  the  form  of  the  vertebrate  body. 
In  Amphioxus,  where  the  small  amount  of  food-yolk  present  is 
distributed  uniformly,  there  is  no  reason  why  the  invagination 
and  resulting  gastrula  should  not  be  symmetncaL  In  other 
vertebrates,  where  more  food-yolk  is  present,  the  shape  and 
structure  of  the  body  render  it  necessary  for  the  food-yolk  to 
be  stored  away  on  the  ventral  side  of  the  alimentary  canal. 
This,  combined  with  the  unsymmetrical  position  of  the  anus, 
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which  primitively  corresponds  in  position  with  the  blastopore 
or  anus  of  Busconi,  causes  the  asymmetry  of  the  gastrula  invagi- 
nation, since  it  is  not  possible  for  the  part  of  ovum  which  will 
become  the  ventral  wall  of  the  alimentary  canal,  and  which  is 
loaded  with  food-yolk,  to  be  invaginated  in  the  same  fashion  as 
the  dorsal  wall.  From  the  asymmetry,  so  caused,  follow  a  large 
number  of  features  in  vertebrate  development,  which  have  been 
worked  out  in  some  detail  in  my  paper  already  quoted  \ 

Prof.  Haeckel,  in  a  paper  recently  published^  appears  to 
imply  that  because  I  do  not  find  absolute  invagination  in 
Elasmobranchs,  I  therefore  look  upon  Elasmobranchs  as  mili- 
tating against  his  Gastraea  theory.  I  cannot  help  thinking 
that  Prof.  Haeckel  must  have  somewhat  misunderstood  my 
meaning.  The  importance  of  the  Gastrsea  theory  has  always 
appeared  to  me  to  consist  not  in  the  fact  that  an  actual  in- 
growth of  certain  cells  occurs — an  ingrowth  which  might  have 
many  different  meanings" — but  in  the  fact  that  the  types  of 
early  development  of  all  animals  can  be  easily  derived  from 
that  of  the  typical  gastrula.  I  am  perfectly  in  accordance  with 
Professor  Haeckel  in  regarding  the  type  of  Elasmobranch 
development  to  be  a  simple  derivative  from  that  of  the  gastrula, 
although  believing  it  to  be  without  any  true  ingrowth  or  inva- 
gination of  cells. 

Professor  Haeckel^  in  the  paper  just  referred  to  published 
his  view  upon  the  mutual  relationships  of  the  various  vertebrate 
blastoderms.  In  this  paper,  which  appeared  but  shortly  after 
my  own*'  on  the  same  subject,  he  has  put  forward  views  which 
differ  from  mine  in  several  important  details.  Some  of  these 
bear  upon  the  nature  of  food-yolk ;  and  it  appears  to  me  that 
Professor  Haeckel's  scheme  of  development  is  incompatible 
with  the  view  that  the  food-yolk  in  meroblastic  eggs  is  the 
homologue  of  part  of  the  hypoblast  of  the  holoblastic  eggs. 

The  following  is  Professor  Haeckel's  own  statement  of  the 

*  QiMrt,  Joum.  of  Micr.  Science,  July,  1876. 

'  Die  Gastrula  u.  Eifurohung  d.  Tbiere,  JenaUche  ZeiUchrift,  Vol.  iz. 

'  For  inBtance,  in  Crustaceans  it  does  not  in  some  eases  appear  certain 
whether  an  invagination  is  the  typical  gastrula  invagination,  or  only  an  invagi* 
nation  by  which,  at  a  period  subsequent  to  the  gastrula  invagination,  the  hind 
gut  is  frequently  formed. 

*  Loc,  cit. 

*  Loe,  cit. 
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scheme  or  type,  whicli  he  regards  as  characteristic  of  mero- 
blastic  eggs,  pp.  98  and  99. 

Jetzt  folgt  der  hochst  wichtige  und  interessante  Yorgang,  den  ich 
als  Einstulpnng  der  Blastula  aiiffasse  und  der  z\ir  Bildung  der 
Gastrula  ffihrt  (Fig.  63,  64)  ^.  Es  schlagt  sich  namlich  der  verdickte 
Saum  der  Keimscheibe,  der  "Bandwulst"  oder  das  Froperistom, 
nach  innen  am  und  eine  dtLnne  Zellenschicht  wachst  als  directe  Fort- 
setzung  desselben,  wie  ein  immer  enger  werdendes  Diaphragma,  in 
die  Keimhohle  hinein.  Diese  Zellenschicht  ist  das  entstehende  En- 
toderm (Fig.  64 1,  74 1).  Die  Zellen,  welche  dieselbe  zosammensetzen 
und  aus  dem  innem  Theile  des  Randwulstes  hervorwachsen,  sind  viel 
grosser  aber  flacher  als  die  Zellen  der  Keimhohlendecke  und  zeigen 
ein  dunkleres  grobkomiges  Protoplasma.  Auf  dem  Boden  der  Keim- 
hohle, d.  h.  also  auf  der  Eiweisskugel  des  Nahrungsdotters,  liegen  sie 
unmittelbar  auf  und  riLcken  hier  durch  centripetale  Wanderung 
gegen  dessen  Mitte  vor,  bis  sie  dieselbe  zuletzt  eiTeichen  und  nun- 
mehr  eine  zusammenhangende  einschichtige  Zellenlage  auf  dem  ganzen 
Keimhbhlenboden  bilden.  Diese  ist  die  erste  vollstandige  Anlage 
des  Darmblatts,  Entoderms  oder  ''Hypoblasts",  und  von  nun  an 
konnen  wir,  im  Gegensatz  dazu  den  gesammten  tibrigen  Theil  des 
Blastoderms,  namlich  die  mehrschichtige  Wand  der  Keimhohlendecke 
als  Hautblatt,  Exoderm  oder  ''Epiblast"  bezeichnen.  Der  ver- 
dickte Bandwulst  (Fig.  64  u?,  74  w)^  in  welchem  beide  primare  Keim- 
blatter  in  einander  iibergehen,  besteht  in  seinem  oberen  und  ausseren 
Theile  aus  Ezodermzellen,  in  seinem  unteren  und  inneren  Theile  aus 
Entodermzellen. 

In  diesem  Stadium  entspricht  unser  Fischkeim  einer  Amphi- 
blastnla,  welche  mitten  in  der  Invagination  begiiffen  ist,  imd  bei 
welcher  die  entstehende  Urdarmhohle  eine  grosse  Dotterkugel  auf- 
genommen  hat.  Die  Invagination  wird  nunmehr  dadurch  vervoU- 
standigt  und  die  Grastrulabildung  dadurch  abgeschlossen,  dass  die 
Keimhohle  verschwindet.  Das  wachsende  Entoderm,  dem  die  Dot- 
terkugel innig  anhangt^  wolbt  sich  in  die  letztere  hinein  und  nahert 
sich  BO  dem  Exoderm.  Die  klare  FlUssigkeit  in  der  Keimhohle  wird 
resorbirt  und  schliesslich  legt  sich  die  obere  convexe  Flache  des 
Entoderms  an  die  untere  concave  des  Exoderms  eng  an :  die  Gkstrula 
des  discoblastischen  Eies  oder  die  "Discogastrula"  ist  fertig  (Fig. 
65,  76;  Meridiandurchschnitt  Fig.  66,  75). 

Die  Discogastrula  tmsers  Knochenfisches  in  diesem  Stadium  der 
vollen  Ausbildung  stellt  nunmehr  eine  kreisrunde  Kappe  dar,  welche 
wie  ein  gefOlttertes  MUtzchen  fast  die  ganze  obere  Hemisphare  der 
hyalinen  Dotterkugel  eng  anliegend  bedeckt  (Fig.  65).  Der  Ueber- 
zug  des  Mfltzchens  entspricht  dem  Exoderm  (e),  sein  Futter  dem 
Entoderm  (t).  Ersteres  besteht  aus  drei  Schichten  von  kleineren 
Zellen,  letzteres  aus  einer  einzigen  Schicht  von  grosseren  Zellen. 
Die  Exodermzellen  (Fig.  77)  messen  0,006—0,009  Mm,  und  haben 
ein  klares,  sehr  feinkomiges  Protoplasma.     Die  Entodermzellen  (Fig. 

1  The  referenoee  in  this  quotation  are  to  the  figures  in  the  original. 
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78)  messen  0,02 — 0,03  Mm.  und  ihr  Protoplasma  ist  mehr  grobkonug 
und  truber.  Letztere  bilden  auch  den  grossten  Theil  des  Rand- 
wulstes,  den  wir  nunmehr  als  Urmundrand  der  Grastrula,  als 
*^  Properistoma"  oder  auch  als  '' BuscoNi'schen  After"  bezeidmen 
konnen.  Der  letztere  umfasst  die  Dotterkagel,  welche  die  ganze 
Urdarmhohle  ausftOlt  and  weit  aos  der  dadorch  verstopften  Urmiind- 
Oeffiiung  vorragt. 

My  objections  to  the  view  so  lucidly  explained  in  the  pas- 
sage just  quoted,  fall  under  two  heads. 

(1)  That  the  facts  of  development  of  the  meroblastic  eggs 
of  vertebrates,  are  not  in  accordance  with  the  views  here 
advanced. 

(2)  That  even  if  these  views  be  accepted  as  representing 
the  actual  facts  of  development,  the  explanation  offered  of  these 
facts  would  not  be  satisfactory. 

Professor  Haeckers  views  are  absolutely  incompatible  with 
the  facts  of  Elasmobranch  development,  if  my  investigations  are 
correct. 

The  grounds  of  the  incompatibility  may  be  summed  up 
under  the  following  heads : 

(1)  In  Elasmobranchs  the  hypoblast  cells  occupy,  even 
before  the  close  of  segmentation,  the  position  which,  on  Pro- 
fessor Haeckel's  view,  they  ought  only  eventually  to  take  up 
after  being  involuted  from  the  whole  periphery  of  the  blasto- 
derm. 

(2)  There  is  no  sign  at  any  period  of  an  invagination  of 
the  periphery  of  the  blastoderm,  and  the  only  structure  (the 
embryonic  rim)  which  could  be  mistaken  for  such  an  invagina- 
tion is  confined  to  a  very  limited  arc. 

(3)  The  growth  of  cells  to  form  the  floor  of  the  segmenta- 
tion cavity,  which  ought  to  be  part  of  this  general  invagination 
from  the  periphery,  is  mainly  due  to  a  formation  of  cells  from 
the  yolk. 

It  is  this  ingrowth  of  cells  for  the  floor  of  the  segmenta- 
tion cavity  which,  I  am  inclined  to  think.  Professor  Haeckel 
has  mistaken  for  a  general  invagination  in  the  Osseous  Fish  he 
has  investigated. 

(4)  Professor  Haeckel  fails  to  give  an  account  of  the  asym- 
metry of  the  blastoderm;  an  asymmetry  which  is  unquestion- 


DEVELOPMENT  OF  ELASHOBEA.NCH  FISHES.  551 

ably  also  present  in  the  blastoderm  of  most  Osseous  Fishes, 
though  not  noticed  by  Professor  Haeckel  in  the  investigations 
recorded  in  his  paper. 

The  facts  of  development  of  Osseous  Fishes,  upon  which  Pro- 
fessor Haeckel  rests  his  views,  are  too  much  disputed,  for  their 
discussion  in  this  place  to  be  profitable  \  The  eggs  of  Osseous 
Fishes  appear  to  me  unsatisfactory  objects  for  the  study  of  this 
question,  partly  on  account  of  all  the  cells  of  the  blastoderm 
being  so  much  alike,  that  it  is  a  very  difficult  matter  to 
distinguish  between  the  various  layers,  and,  partly,  because 
there  can  be  little  question  that  the  eggs  of  existing  Osseous 
Fishes  are  very  much  modified,  through  having  lost  a  great 
part  of  the  food-yolk  possessed  by  the  eggs  of  their  ancestors'. 
This  disappearance  of  the  food-yolk  must,  without  doubt, 
have  produced  important  changes  in  development,  which  would 
be  especially  marked  in  a  pelagic  egg,  like  that  investigated 
by  Professor  Haeckel. 

The  Avian  egg  has  been  a  still  more  disputed  object  than 
even  the  egg  of  the  Osseous  Fishes.  My  own  investigations  on 
this  subject  do  not  in  any  way  accord  with  those  of  Dr  Qotte, 
or  the  views  of  Professor  Haeckel*. 


1  A  short  Btatemeat  by  Kowaleysky  on  this  snbjeot  in  a  note  to  his  aeoonnt  of 
the  development  of  Asoidians,  would  seem  to  indicate  that  the  type  of  development 
of  Osseous  Fishes  is  precisely  the  same  as  that  of  Elasmobranchs.  EowalcTsky 
says,  AreK  /,  Mier,  Anat.  Vol.  yu.  p.  114,  note  5,  **  According  to  my  observa- 
tions on  Osseous  Fishes  the  germinal  waU  consists  of  two  layers,  an  upper  and 
lower,  which  are  continuous  with  one  another  at  the  border.  From  the  upper 
one  develops  skin  and  nervous  system,  from  the  lower  hypoblast  and  mesoblast." 
This  statement,  which  leaves  unanswered  a  number  of  miportant  questions,  is 
too  short  to  serve  as  a  basis  for  supporting  my  views,  but  so  far  as  it  goes  its 
agreement  with  the  fiMsts  of  Elasmobranch  development  is  undoubtedly  stnking. 

*  The  eggs  of  the  Osseous  Fishes  have,  I  believe,  undergone  chimges  of  the 
same  character,  but  not  to  the  same  extent,  as  those  of  Mammalia,  which, 
according  to  the  views  expressed  both  by  Professor  Haeckel  and  myself,  are 
degenerated  from  an  ovum  with  a  large  food-volk.  The  grounds  on  which  I 
regard  the  eggs  of  Osseous  Fishes  as  having  undergone  an  fuoalogous  change,  are 
too  foreign  to  the  subject  to  be  stated  here. 

>  I  find  myself  unable  without  figures  to  understand  Dr  Bauber's  {Central- 
hlatt  f&r  Med,  Wis$.  1S74,  No.  50 ;  1876,  Nos.  4  and  17)  views  with  sufficient 
precision  to  accord  to  them  either  my  assent  or  dissent.  It  is  quite  in  accord- 
ance with  the  view  propounded  in  my  paper  {loe,  eit,)  to  regard,  with  Dr  Bauber 
and  Professor  Haeckel,  the  thickened  edge  of  the  blastoderm  as  the  homologue 
of  tiie  lip  of  the  blastopore  in  Amphioxus ;  though  an  invagination,  in  the  manner 
imagined  by  Professor  Haeckel,  is  no  necessary  consequence  of  this  view.  If  Dr 
Bauber  regards  the  whole  egg  of  the  bird  as  the  homologue  of  that  of  Amphioxus, 
and  the  indosure  of  the  yolk  by  the  blastoderm  as  the  equivalent  to  the  process 
of  invagination  in  Amphioxus,  then  his  views  are  practically  in  accordance  with 
my  own. 
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Apart  firom  disputed  points  of  deYelopment,  it  appears 
to  me  that  a  comparatiTe  aocoont  of  the  development  of  the 
meroblastic  vertebrate  ova  ought  to  take  into  consideration  the 
essential  differences  which  exist  between  the  Avian  and  Piscian 
blastoderms,  in  that  the  embryo  is  situated  in  the  centre  of  the 
blastoderm  in  the  iSrst  case  and  at  the  edge  in  the  second. 

This  difference  entails  important  modifications  in  develop- 
ment, and  must  necessarily  affect  the  particular  points  under 
discussion.  As  a  result  of  the  different  positions  of  the  embryo 
in  the  two  cases,  there  is  present  in  Elasmobranchs  and  Osseous 
fishes  a  true  anus  of  Busconi,  or  primitive  opening  into  the 
alimentary  canal,  which  is  absent  in  Birds.  Tet  in  neither 
Elasmobranchs^  nor  Osseous  Fishes  does  the  anus  of  Rusooni 
correspond  in  position  with  the  point  where  the  final  closing  in 
of  the  yolk  takes  place,  but  in  them  this  point  corresponds 
rather  with  the  blastopore  of  Birds*. 

Owing  also  to  the  respective  situations  of  the  embryo  in  the 
blastoderm,  the  alimentary  and  neural  canals  communicate 
posteriorly  in  Elasmobranchs  and  Osseous  Fishes,  but  not  in 
Birds.   Of  all  these  points  Professor  Haeckel  makes  no  mention. 

The  support  of  his  views  which  Prof.  Haeckel  attempts  to 
gain  from  Qotte's  researches  in  Mammalia  is  completely  cut 
away  by  the  recent  discoveries  of  Van  Beneden*. 

It  thus  appears  that  Professor  Haeckel's  views  but  ill  accord 
with  the  facts  of  vertebrate  development;  but  even  if  they  were 
to  do  so  completely  it  would  not  in  my  opinion  be  easy  to  give 
a  rational  explanation  of  them. 

Professor  Haeckel  states  that  no  sharp  and  fast  line  can  be 
drawn  between  the 'types  of  'unequal'  and  'discoidal'  segmenta- 
tion\  In  the  cases  of  unequal  segmentation  he  admits,  as  is 
certainly  the  case,  that  the  larger  yolk-cells   (hypoblast)  are 

^  Vide  Plate  xzvi.  fig.  1  and  2,  and  Self,  "  Compariton,*^  &c.,  loc.  cit. 

'  The  relation  of  the  anas  of  Busconi  and  blastopore  in  Elasmobranchs  was 
fully  explained  in  the  paper  above  quoted.  It  was  there  clearly  shown  that 
neither  the  one  nor  the  other  exactly  corresponds  with  the  blastopore  of  Amphi- 
oxns,  but  that  the  two  together  do  so.  Professor  Haeckel  states  that  in  the 
Osseons  Fish  inyestigated  by  him  the  anas  of  Bosconi  and  the  blastopore  coin- 
cide.    This  is  not  the  case  in  the  Salmon. 

*  D&oeloppement  Embryonnaire  de$  Mammifires,  Bulletin  de  VAcad.  r.  d. 
Belgique,  1875. 

4  For  an  explanation  of  these  terms,  vide  Prof.  Haeckel's  original  paper  or 
the  abstract  in  Quart,  Joum.  of  Mier.  Science  for  January,  1876. 
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simply  enclosed  by  a  growth  of  the  epiblast  around  them;  which 
is  to  be  looked  on  as  a  modification  of  the  typical  gastrula  inva- 
gination, necessitated  by  the  large  size  of  the  yolk-cells  (vide 
Professor  H[aeckers  paper,  Taf.  ii.  fig.  30).  In  these  instances 
there  is  no  commencement  of  an  ingrowth  in  the  manner 
supposed  for  meroblastic  ova. 

When  the  food-yolk  becomes  more  bulky,  and  the  hypoblast 
does  not  completely  segment,  it  is  not  easy  to  understand  why 
an  ingrowth,  which  had  no  existence  in  the  former  case,  should 
occur;  nor  where  it  is  to  come  from.  Such  an  ingrowth  as  is 
supposed  to  exist  by  Professor  Haeckel  would,  in  fact,  break 
the  continuity  of  development  between  meroblastic  and  holo- 
blastic  ova,  and  thus  destroy  one  of  the  most  important  results 
of  the  Oastrsea  theory. 

It  is  quite  easy  to  suppose,  as  I  have  done,  that  in  the  cases 
of  discoidal  segmentation,  the  hypoblast  (including  the  yolk) 
becomes  enclosed  by  the  epiblast  in  precisely  the  same  manner 
as  in  the  cases  of  unequal  segmentation. 

But  even  if  Professor  Haeckel  supposes  that  in  the  unseg- 
mented  food-yolk  a  fresh  element  is  added  to  the  ovum,  it 
remains  quite  unintelligible  to  me  how  an  ingrowth  of  cells  from 
a  circumferential  line,  to  form  a  layer  which  had  no  previous 
existence,  can  be  equivalent  to,  or  derived  from  the  invagina- 
tion of  a  layer,  which  exists  before  the  process  of  invagina- 
tion begins,  and  which  remains  continuous  throughout  it. 

If  Professor  Haeckel's  views  should  eventually  turn  out  to 
be  in  accordance  with  the  facts  of  vertebrate  development,  it 
will,  in  my  opinion,  be  very  difficult  to  reduce  them  into 
conformity  with  the  Qastrsea  theory. 

Although  some  space  has  been  devoted  to  an  attempt  to 
refute  the  views  of  Professor  Haeckel  on  this  question,  I  wish 
it  to  be  clearly  understood  that  my  disagreement  from  his 
opinions  concerns  matters  of  detail  only,  and  that  I  quite 
accept  the  Gastrsea  theory  in  its  general  bearings. 


Observations  upon  the  formation  of  the  layers  in  Elas- 
mobranchs  have  hitherto  been  very  few  in  number.      Those 
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published   in   my  preliminary  account  of  these  fishes  are,  I 
believe,  the  earliest  \ 

Since  then  there  has  been  published  a  short  notice  on  the 
subject  by  Dr  Alex.  Schultz*.  His  observations  in  the  main 
accord  with  my  own.  He  apparently  speaks  of  the  nuclei  of 
the  yolk  as  cells,  and  also  of  the  epiblast  being  more  than  one 
cell  deep.  In  Torpedo  alone,  amongst  the  genera  investigated 
by  me,  is  the  layer  of  epiblast,  at  about  the  age  of  the  last 
described  embryo,  composed  of  more  than  a  single  row  of  cells. 

^  I  omit  all  reference  to  a  paper  published  in  Bassian  by  Prof.  Kowalevsky. 
Being  unable  to  translate  it,  and  the  illustrations  being  too  meagre  to  be  in 
themselves  of  much  assistanoe,  it  has  not  been  possible  for  me  to  make  any 
use  of  it. 

*  CentraXbUUt  f,  Med.  Wiu.  No.  33,  1875. 
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The  General  Features  of  the  Elasmobranch  Embryo 

AT  successive  STAGES. 

No  complete  series  of  figures,  representing  the  various 
stages  in  development  of  an  Elasmobranch  Embryo,  has 
hitherto  been  published.  With  the  view  of  supplying  this 
deficiency  Plates  xxiv,  and  xxv.  have  been  inserted.  The 
embryos  represented  in  these  two  Plates  form  a  fairly  com- 
plete series,  but  do  not  all  belong  to  a  single  speciea  Those 
on  PI.  xxrv.,  with  the  exception  of  G,  are  embryos  of  Pristi- 
urus;  G  being  an  embryo  of  Torpedo.  Those  on  PI.  xxv., 
excepting  K,  which  is  a  Pristiurus  embryo,  are  embryos  of 
Scyllium  canicula.  All  the  embryos  on  PL  XXV.  were  very 
accurately  drawn  from  nature  by  my  sister,  Miss  A.  R.  Balfour. 
Unfortunately  the  exceptional  beauty  and  clearness  of  the 
originals  is  all  but  lost  in  the  lithographs.  To  facilitate 
future  description,  letters  will  be  employed  in  the  remainder 
of  these  pages  to  signify  that  an  erabi-yo  being  described  is 
of  the  same  age  as  the  embryo  on  these  Plates  to  which  the 
letter  used  refers.  Thus  an  embryo  of  the  same  age  as  L  will 
be  spoken  of  hereafter  as  belonging  to  stage  L. 

This  figure  represents  a  hardened  blastoderm  at  a  stage 
when  the  embryo-swelling  (e,8.)  has  become  obvious,  but 
before  the  appearance  of  the  medullary  groove.  The  posi- 
tion of  the  segmentation  cavity  is  indicated  by  a  slight  swell- 
ing of  the  blastoderm  («.  c).  The  shape  of  the  blastoderm,  in 
hardened  specimens,  is  not  to  be  relied  upon,  owing  to  the 
traction  which  the  blastoderm  undergoes  during  the  process  of 
removing  the  yolk  from  the  egg-shell. 

B. 

B  is  the  view  of  a  fresh  blastoderm.  The  projecting  part 
of  this,  already  mentioned  as  the  'embryonic  rim*,  is  indicated 
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by  the  shading.  At  the  middle  of  the  embryonic  rim  is  to  be 
seen  the  rudiment  of  the  embryo  (fn.g.).  It  consists  of  an 
area  of  the  blastoderm,  circumscribed  on  its  two  sides  and  at 
one  end|  by  a  slight  fold,  and  whose  other  end  forms  part  of 
the  edge  of  the  blastoderm.  The  end  of  the  embryo  which 
points  towards  the  centre  of  the  blastoderm  is  the  head  end, 
and  that  which  forms  part  of  the  edge  of  the  blastoderm  is 
the  tail  end.  To  retain  the  nomenclature  usually  adopted 
in  treating  of  the  development  of  the  Bird,  the  fold  at  the 
anterior  end  of  the  embryo  may  be  called  the  head  fold,  and 
those  at  the  sides  the  side  folds.  There  is  in  Elasmobranchs 
no  tail  fold,  owing  to  the  position  of  the  embryo  at  the  peri- 
phery of  the  blastoderm,  and  it  is  by  the  meeting  of  the  three 
above-mentioned  folds  only,  that  the  embryo  becomes  pinched 
off  from  the  remainder  of  the  blastoderm.  Along  the  median 
line  of  the  embryo  is  a  shallow  groove  (7n,g.),  the  well-known 
medullary  groove  of  vertebrate  embryology.  It  flattens  out 
both  anteriorly  and  posteriorly,  and  is  deepest  in  the  middle 
part  of  its  course. 

C. 

This  embryo  resembles  in  most  of  its  features  the  embryo 
last  described.  It  is,  however,  considerably  larger,  and  the 
head-fold  and  side-folds  have  become  more  pronounced  struc- 
tures. The  medullary  groove  is  far  deeper  than  in  the  earlier 
stage,  and  widens  out  anteriorly.  This  anterior  widening  is  the 
first  indication  of  a  distinction  between  the  brain  and  the 
remainder  of  the  central  nervous  system,  a  distinction  which 
arises  long  before  the  closure  of  the  medullary  canaL 

D. 

This  embryo  is  far  larger  than  the  one  last  described,  but 
the  increase  in  length  does  not  cause  it  to  project  beyond  the 
edge  of  the  blastoderm,  but  has  been  due  to  a  growth  inwards 
towards  the  centre  of  the  blastoderm.  The  head  is  now  indi- 
cated by  an  anterior  enlargement,  and  the  embryo  also  widens 
out  posteriorly.  The  posterior  widening  (t  s.)  is  formed  by  a 
pair  of  rounded  prominences,  one  on  each  side  of  the  middle 
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lina  These  are  very  conspicuous  organs  during  tbe  earlier 
stages  of  development,  and  consist  of  two  large  aggregations  of 
mesoblast-ceUs.  In  accordance  with  the  nomenclature  adopted 
in  my  preliminary  paper*,  they  may  be  called  'tail-swellings'. 
Between  the  cephalic  enlargements  and  tbe  tail-swellings  is 
situated  the  rudimentary  trunk  of  the  embryo.  It  is  more 
completely  pinched  off  from  the  blastoderm  than  in  the  last 
described  embryo.  The  medullary  groove  is  of  a  fairly  uniform 
siz^  throughout  the  tnmk  of  the  embryo,  but  flattens  out  and 
vanishes  completely  in  the  region  of  the  head.  The  blastoderm 
in  Fristiurus  and  Scyllium  grows  very  rapidly,  and  has  by  this 
Btajge  attained  a  very  considerable  size;  but  in  Torpedo  its 
growth  is  very  slow. 

E  and  F. 

These  two  embryos  may  be  considered  together,  for,  al- 
though they  differ  in  appearance,  yet  they  are  of  an  almost 
identical  age ;  and  the  differences  between  the  two  are  purely 
external.  E  appears  to  be  a  little  abnormal  in  not  having  the 
cephalic  region  so  distinctly  marked  off  from  the  trunk  as  is 
usual.  The  head  is  proportionally  larger  than  in  the  last  stage, 
and  the  tail-swellings  remain  as  conspicuous  as  before.  The 
folding  off  from  the  blastoderm  has  progressed  rapidly,  and  the 
head  and  tail  are  quite  separated  from  it.  The  medullary 
groove  has  become  closed  posteriorly  in  both  embryos,  but  the 
closing  has  extended  further  forwards  in  F  than  in  E.  In  F 
the  medullary  folds  have  not  only  united  posteriorly,  but  have 
very  nearly  effected  a  fresh  junction  in  the  region  of  the  neck. 
At  this  point  a  second  junction  of  the  two  medullary  folds  is  in 
fact  actually  effected  before  the  posterior  closing  has  extended 
forwards  so  far.  The  later  junction  in  the  region  of  the  neck 
corresponds  in  position  with  the  point,  where  in  the  Bird  the 
medullary  folds  first  unite*  No  trace  of  a  medullary  groove  is 
to  be  met  with  in  the  head,  which  simply  consists  of  a  wide 
flattened  plate.  Between  the  two  tail-swellings  surface  views 
present  the  appearance  of  a  groove,  but  this  appearance  is  de* 
ceptive,  since  in  sections  no  groove,  or  at  most  a  veiy  slight 
one,  is  perceptible. 

^  Quart.  Journ,  Ificr.  Science,  Oct.  1871 
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G. 


During  the  preceding  stages  growth  in  the  embryo  is  very 
slow,  and  considerable  intervals  of  time  elapse  before  any 
perceptible  changes  are  effected.  This  state  of  things  now 
becomes  altered,  and  the  future  changes  succeed  each  other 
with  far  greater  rapidity.  One  of  the  most  important  of  these, 
and  one  which  first  presents  itself  during  this  stage,  is  the  dis- 
appearance of  the  yolk-spherules  from  the  embryonic  cells,  and 
the  consequently  increased  transparency  of  the  embryo.  As  a 
result  of  this,  a  number  of  organs,  which  in  the  earlier  stages 
were  only  to  be  investigated  by  means  of  sections,  now  become 
visible  in  the  living  embryo. 

The  tail-swellings  (t,8.)  are  still  conspicuous  objects  at  the 
posterior  extremity  of  the  embryo.  The  folding  off  of  the 
einbryo  from  the  yolk  has  progressed  to  such  an  extent  that  it 
is  now  quite  possible  to  place  the  embryo  on  its  side  and 
examine  it  from  that  point  of  view. 

The  embryo  may  be  said  to  be  attached  to  the  yolk  by 
a  distinct  stalk  or  cord,  which  in  the  succeeding  stages  gra- 
dually narrows  and  elongates,  and  is  known  as  the  umbilical 
cord  (80,8.).  The  medullary  canal  has  now  become  completely 
closed,  even  in  the  region  of  the  brain,  where  during  the  last 
stage  no  trace  of  a  medullary  groove  had  appeared.  Slight 
constrictions,  not  perceptible  in  views  of  the  embryo  as  a 
transparent  object,  mark  off  three  vesicles  in  the  brain.  These 
vesicles  are  known  as  the  fore,  mid,  and  hind  brain.  From  the 
fore-bi*ain  there  is  an  outgrowth  on  each  side,  the  first  rudi- 
ment of  the  optic  vesicle  (op,). 

The  mesoblast  on  each  side  of  the  body  is  divided  into 
a  series  of  segments,  known  as  muscle-plates,  the  first  of  which 
lies  a  little  behind  the  head.  The  mesoblast  of  the  tail  has  not 
as  yet  undergone  this  segmentation.  There  are  present  in  all 
seventeen  segments.  These  first  appeared  at  a  much  earlier 
date,  but  were  not  visible  owing  to  the  opacity  of  the  embryo. 

Another  structure  which  became  developed  in  even  a 
younger  embryo  than  C  is  now  for  the  first  time  visible  in 
the  living  embryo.  This  is  the  notochord:  it  extends  from 
almost  the  extreme  posterior  to  the  anterior  end  of  the  embryo. 
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It  lies  between  the  ventral  wall  of  the  spinal  canal  and  the 
dorsal  wall  of  the  intestine;  and  round  its  posterior  end 
these  two  walls  become  continuous  with  each  other  (vide  fig.). 
Anteriorly  the  termination  of  the  notochord  cannot  be  seen, 
it  can  only  be  traced  into  a  mass  of  mesoblast  at  the  base 
of  the  brain,  which  there  separates  the  epiblast  from  the  hypo- 
blast. The  alimentary  canal  (cU,)  is  completely  closed  anteriorly 
and  posteriorly,  though  still  widely  open  to  the  yolk-sac  in  the 
middle  part  of  its  course.  In  the  region  of  the  head  it  exhi- 
bits on  each  side  a  slight  bulging  outwards,  the  rudiment  of 
the  first  visceral  cleft.  This  is  represented  in  the  figure  by  two 
lines  (i  v:c.).  The  visceral  clefts  at  this  stage  consist  of 
a  pair  of  simple  diverticula  from  the  alimentary  canal,  and 
there  is  no  communication  between  the  throat  and  the  ex- 
terior. 

H. 

The  present  embryo  is  far  larger  than  the  last,  but  it  has 
not  been  possible  to  represent  this  increase  in  size  in  the 
drawings.  Accompanying  this  increase  in  size,  the  folding  oflf 
of  the  embryo  from  the  yolk  has  considerably  progressed,  and 
the  stalk  which  unites  the  embryo  with  the  yolk  is  propor- 
tionately narrower  and  longer  than  before. 

The  brain  is  now  very  distinctly  divided  into  the  three 
lobes,  whose  rudiments  appeared  during  the  last  stage.  From 
the  foremost  of  these,  the  optic  vesicles  now  present  themselves 
as  well-marked  lateral  outgrowths,  towards  which  there  appears 
a  growing  in,  or  involution,  from  the  external  skin  (pp.)  to  form 
the  lens.  The  opening  of  this  involution  is  represented  by  the 
dark  spot  in  the  centre. 

A  fresh  organ  of  sense,  the  auditory  sac,  now  for  the 
first  time  becomes  visible  as  a  shallow  pit  in  the  external  skin 
on  each  side  of  the  hind  brain  (au,  v.).  The  epiblast  which  is 
involuted  to  form,  this  pit  becomes  much  thickened,  and 
thereby  the  opacity,  indicated  in  the  figure,  is  produced. 

The  muscle-plates  have  greatly  increased  in  number  by 
the  formation  of  fresh  segments  in  the  tail.  Thirty-eight  of 
them  were  present  in  the  embryo  figured.  The  mesoblast  at 
the  base  of  the  brain  has  increased  in  quantity,  and  there  is 
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still  a  certain  mass  of  unsegmented  mesoblast  which  forms 
the  tail-swellings.  The  first  rudiment  of  the  heart  becomes 
visible  during  this  stage  as  a  cavity  between  the  mesoblast 
of  the  splanchnopleure  and  the  hypoblast  {ht). 

The  fore  and  hind  guts  are  now  longer  than  they  were.  A 
slight  pushing  in  from  the  exterior  to  form  the  mouth  has 
appeared  (m,),  and  an  indication  of  the  future  position  of  the 
anus  is  afforded  by  a  slight  diverticulum  of  the  hind  gut 
towards  the  exterior  some  little  distance  from  the  posterior 
end  of  the  embryo  (an.).  The  portion  of  the  alimentary  canal 
behind  this  point,  though  at  this  stage  large,  and  even  dilated 
into  a  vesicle  at  its  posterior  end  {al,v,)y  becomes  eventually 
completely  atrophied.  In'  the  region  of  the  throat  the  rudi- 
ment of  a  second  visceral  cleft  has  appeared  behind  the  first ; 
neither  of  them  are  as  yet  open  to  the  exterior.  The  number 
of  visceral  clefts  present  in  any  given  Pristiurus  embryo  affords 
a  very  easy  and  simple  way  of  determining  its  age. 

I. 

A  great  increase  in  size  is  again  to  be  noticed  in  the 
embryo,  but,  as  in  the  case  of  the  last  embryo,  it  has  not 
been  possible  to  represent  this  in  the  figure.  The  stalk  con- 
necting the  embryo  with  the  yolk  has  become  narrower  and 
more  elongated,  and  the  tail  region  of  the  embryo  propor- 
tionately far  longer  than  in  the  last  stage.  During  this  stage 
the  first  spontaneous  movements  of  the  embryo  take  place, 
and  consist  in  somewhat  rapid  excursions  of  the  embryo  from 
side  to  side,  produced  by  a  serpentine  motion  of  the  body. 

The  cranial  flexure,  which  commenced  in  stage  G,  has 
now  become  very  evident,  and  the  mid-brain'  begins  to  project 
in  the  same  manner  as  in  the  embryo  fowl  on  the  third  day, 
and  will  soon  form  the  anterior  termination  of  the  loDg  axis 
of  the  embryo.  The  fore-brain  has  increased  in  size  and  dis- 
tinctness, and  the  anterior  part  of  it  may  now  be  looked  on 
as  the  impaired  rudiment  of  the  cerebral  hemispheres. 

Further  growths  have  taken  place  in  the  organs  of  sense, 

^  The  part  of  the  brain  which  I  have  here  called  mid-brain,  and  which 
unquestionably  corresponds  to  the  part  called  mid-brain  in  the  embryos  of  higher 
Tertebrates,  becomes  in  tiie  adolt  what  Miklacho-Maolay  and  Gegenbaor  called 
the  vesicle  of  the  third  Tentriole  or  thalamencephalon.  I  fihall  always  speak 
oi  it  as  the  mid-brain. 
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especially  in  the  eye,  in  which  the  involution  for  the  lens 
has  made  considerable  progress.  The  number  of  the  muscle- 
plates  has  again  increased,  but  there  is  still  a  region  of  un- 
segmented  mesoblast  in  the  tail.  The  thickened  portions  of 
mesoblast  which  caused  the  tail-swellings  are  still  to  be  seen 
and  would  seem  to  act  as  the  reserve  from  which  is  drawn  the 
matter  for  the  rapid  growth  of  the  tail,  which  occurs  soon  after 
this.  The  mass  of  the  mesoblast  at  the  base  of  the  brain  has 
again  increased.  No  fresh  features  of  interest  are  to  be  seen  in 
the  notochord.  The  heart  is  now  much  more  conspicuous  than 
before,  and  its  commencing  flexure  is  very  apparent.  It  now 
beats  actively.  The  hind  gut  especially  is  much  longer  than 
in  the  last  specimen;  and  the  point  where  the  anus  will 
appear  is  very  easily  detected  by  the  bulging  out  of  the  gut 
towards  the  external  skin  at  that  point  {an.).  The  alimentary 
vesicle,  first  observable  during  the  last  stage,  is  now  a  more 
conspicuous  organ  (aZ.  v.).  Three  visceral  clefts,  none  of  which 
are  as  yet  open  to  the  exterior,  may  now  be  seen. 

K. 

The  figures  G,  H,  I  are  representations  of  living  and  trans- 
parent embryos,  but  the  remainder  of  the  figures  are  drawings 
of  opaque  embryos  which  were  hardened  in  chromic  acid. 

The  stalk  connecting  the  embryo  with  the  yolk  is  now,  com* 
paratively  speaking,  quite  narrow,  and  is  of  sufficient  length  to 
permit  the  embryo  to  execute  considerable  movements. 

The  tail  has  grown  immensely,  but  is  still  dilated  terminally. 
This  terminal  dilatation  is  mainly  due  to  the  alimentary  vesicle, 
but  the  tract  of  gut  connecting  this  with  the  gut  in  front  of  the 
anus  is  now  a  solid  rod  of  cells  and  very  soon  becomes  com- 
pletely atrophied. 

The  two  pairs  of  limbs  have  appeared  as  elongated  ridges 
of  epiblast.  The  anterior  pair  is  situated  just  at  the  front 
end  of  the  umbilical  stalk;  and  the  posterior  pair,  which  is 
the  more  conspicuous  of  the  two,  is  situated  some  little  distance 
behind  the  stalk. 

The  cranial  flexure  has  greatly  increased,  and  the  angle 
between  the  long  axis  of  the  front  part  of  the  head  and  of  the 
body  is  less  than  a  right  angle.     The  conspicuous  mid-brain 
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forms  the  aoterior  termination  of  the  long  axis  of  the  body. 
The  thin  roof  of  the  fourth  ventricle  may  in  the  figure  be 
noticed  behind  the  mid-brain.  The  auditory  sac  is  nearly 
closed  and  its  opening  is  not  shown  in  the  figure.  In  the  eye 
the  lens  is  completely  formed. 

Owing  to  the  opacity  of  the  embryo,  the  muscle-plates  are 
only  indistinctly  indicated^  and  no  other  features  of  the  meso- 
blast  are  to  be  seen. 

The  mouth  is  now  a  deep  pit,  whose  borders  are  almost  com- 
pletely formed  by  the  thickening  in  front  of  the  first  visceral  cleft, 
which  may  be  called  the  first  visceral  arch  or  mandibular  arch. 

Four  visceral  clefts  are  now  visible,  all  of  which  are  open  to 
the  exterior,  but  in  a  transparent  embryo  one  more,  not  open  to 
the  exterior,  would  have  been  visible  behind  the  last  of  these. 

L. 

This  embryo  is  considerably  older  than  the  one  last  de- 
scribed, but  growth  is  not  quite  so  rapid  as  might  be  gathered 
from  the  fact  that  L  is  nearly  twice  as  long  as  E,  since  the  two 
embryos  belong  to  different  genera ;  and  the  Scyllium  embryos, 
of  which  L  is  an  example,  are  larger  than  Pristiurus  embryos. 
The  umbilical  stalk  is  now  quite  a  narrow  elongated  structure, 
whose  subsequent  external  changes  are  very  unimportant,  and 
consist  for  the  most  part  merely  in  an  increase  in  its  length. 

The  tail  has  again  grown  greatly  in  length,  and  its  terminal 
dilatation  together  with  the  alimentary  vesicle  contained  in  it, 
have  both  completely  vanished.  A  dorsal  and  ventral  fin  are 
now  clearly  visible ;  they  are  continuous  throughout  their  whole 
length.  The  limbs  have  grown  and  are  more  easily  seen  than 
in  the  previous  stage. 

Great  changes  have  been  effected  in  the  head,  resulting  in  a 
diminution  of  the  cranial  flexure.  This  diminution  is  never- 
theless apparent  rather  than  real,  and  is  chiefly  due  to  the  rapid 
growth  of  the  rudiment  of  the  cerebral  hemispheres.  The  three 
main  divisions  of  the  brain  may  still  be  clearly  seen  from  the 
surface.  Posteriorly  is  situated  the  hind-brain,  now  consisting 
of  the  medulla  oblongata  and  cerebellum.  At  the  anterior 
part  of  the  medulla  is  to  be  seen  the  thin  roof  of  the  fourth 
ventricle,  and  anteriorly  to  this  again  the  roof  becomes  thickened 
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to  form  the  rudiment  of  the  cerehellum.  In  front  of  the  hind- 
brain  lies  the  mid-brain,  the  roof  of  which  is  formed  by  the 
optic  lobes,  which  are  still  situated  at  the  front  end  of  the  long 
axis  of  the  embryo. 

Beyond  the  mid-brain  is  placed  the  fore-brain,  whose  growth 
is  rapidly  rendering  the  cranial  flexure  imperceptible. 

The  rudiments  of  the  nasal  sacs  are  now  clearly  visible  as  a 
pair  of  small  pits.  The  pits  are  widely  open  to  the  exterior, 
and  are  situated  one  on  each  side,  near  the  front  end  of  the 
cerebral  hemispheres.  Five  visceral  clefts  are  open  to  the 
exterior,  and  in  them  the  external  gills  have  commenced  to 
appear  (L'). 

The  first  cleft  is  no  longer  similar  to  the  rest,  but  has  com- 
menced to  be  metamorphosed  into  the  spiracle. 

Accompanying  the  change  in  position  of  the  first  cleft,  the 
mandibular  arch  has  begun  to  bend  round  aud  enclose  the  front 
as  well  as  the  side  of  the  mouth.  By  this  change  in  the  mandi- 
bular arch  the  mouth  becomes  narrowed  in  an  antero-posterior 
direction, 

M. 

Of  this  embryo  the  head  alone  has  been  represented.  Two 
views  of  it  are  given,  one  (M)  from  the  side  and  the  other  (M') 
from  the  under  surface.  The  growth  of  the  front  part  of  the 
head  has  considerably  diminished  the  prominence  of  the  cranial 
flexure.  The  full  complement  of  visceral  clefts  is  now  present — 
six  in  all.  But  the  first  has  already  atrophied  considerably,  and 
may  easily  be  recognised  as  the  spiracle.  In  Scyllium,  there 
are  present  at  no  period  more  than  six  visceral  clefts.  The  firat 
visceral  arch  on  each  side  has  become  bent  still  further  round, 
to  form  the  front  border  of  the  mouth.  The  opening  of  the 
mouth  has  in  consequence  become  still  more  narrowed  in  an 
antero-posterior  direction.  The  width  of  the  mouth  in  this 
direction,  serves  for  the  present  and  for  some  of  the  subsequent 
stages  as  a  very  convenient  indication  of  age. 

N. 

The  limbs,  or  paired  fins,  have  now  acquired  the  general 
features  and  form  which  they  possess  in  the  adult. 

The   unpaired   fins  have  now  also  become  divided  in  a 
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manner  not  only  characteristic  of  the  Elasmobranchs  but  even 
of  the  genus  Scyllium. 

There  is  a  tail  fin,  an  anal  fin  and  two  dorsal  fins,  both 
the  latter  being  situated  behind  the  posterior  paired  fins. 

In  the  head  may  be  noticed  a  continuation  of  the  rapid 
growth  of  the  anterior  part 

The  mouth  has  become  far  more  narrow  and  slit-like ;  and 
with  many  other  of  the  organs  of  the  period  commences  to 
approach  the  form  of  the  adult. 

The  present  and  the  three  preceding  stages  show  the  gradual 
changes  by  which  the  first  visceral  arch  becomes  converted  into 
the  rudiments  of  the  upper  and  of  the  lower  jaw.  The  fact 
of  the  conversion  was  first  made  known  through  the  investi- 
gations of  Messrs  Parker  and  Gegeubaur. 

O. 

In  this  stage  the  embryo  is  very  rapidly  approaching  the 
form  of  the  adult. 

This  is  especially  noticeable  hi  the  fins,  which  project  in  a 
manner  quite  characteristic  of  the  adult  fish.  The  mouth  is 
slit-like,  and  the  openings  of  the  nasal  sacs  no  longer  retain 
their  primitive  circular  outline.  The  external  gills  project 
from  all  the  gill-slits  including  the  spiracle. 

P. 

The  head  is  rapidly  elongating  by  the  growth  of  the  snout, 
and  the  divisions  of  the  brain  can  no  longer  be  seen  with 
distinctness  from  the  exterior,  and,  with  the  exception  of  the 
head  and  of  the  external  gills,  the  embryo  almost  completely 
resembles  the  adult. 

Q. 

The  snout  has  grown  to  such  an  extent,  that  the  head  has 
nearly  acquired  its  adult  shape.  In  the  form  of  its  mouth 
the  embryo  now  quite  resembles  the  adult  fish. 


This  part  of  the  subject  may  be  conveniently  supplemented 
by  a  short  description  of  the  manner  in  which  the  blastoderm 
encloses  the  yolk.  It  has  been  already  mentioned  that  the 
growth  of  the  blastoderm  is  not  uniform.  The  part  of  it  in  the 
immediate  neighbourhood  of  the  embryo  remains  compara- 
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lively  stationary,  while  the  growth  elsewhere  is  very  rapid. 
From  this  it  results  that  that  part  of  the  edge  of  the  blas- 
toderm where  the  embryo  is  attached  forms  a  bay  in  the  other- 
wise regular  outliue  of  the  edge  of  the  blastoderm.  By  the 
time  that  one-half  of  the  yolk  is  enclosed  the  bay  is  a  very  con- 
spicuous feature  (PI.  xxvi.  fig.  1).  In  this  figure  bL  points  to 
the  blastoderm,  and  yk.  to  the  part  of  the  yolk  not  yet  enclosed 
by  the  blastoderm. 

Shortly  subsequent  to  this  the  bay  becomes  obliterated  by 
its  two  sides  coming  together  and  coalescing,  and  the  embryo 
ceases  to  lie  at  the  edge  of  the  yolk. 

This  stage  is  represented  on  PL  xxvi.  fig.  2.  In  this  figure 
there  is  only  a  small  patch  of  yolk  not  yet  enclosed  (yk), 
which  is  situated  at  some  little  distance  behind  the  embryo. 
Throughout  all  this  period  the  edge  of  the  blastoderm  has 
remained  thickened,  a  feature  which  persists  till  the  complete 
investment  of  the  yolk,  which  takes  places  shortly  after  the  stage 
last  figured.  In  this  thickened  edge  a  circular  vein  arises^  which 
brings  back  the  blood  from  the  yolk-sac  to  the  embryo.  The 
opening  in  the  blastoderm  (PI.  XXVI.  fig.  2  yk.),  exposing  the 
portion  of  the  yolk  not  yet  enclosed,  may  be  conveniently  called 
the  blastopore,  according  to  Professor  Lankester's  nomenclature. 

The  interesting  feature  which  characterizes  the  blastopore 
in  Elasmobranchs  is  the  fact  of  its  not  corresponding  in  position 
with  the  opening  of  the  anus  of  Rusconi.  We  thus  have  in 
Elasmobranchs  two  structures,  each  of  which  corresponds  in  part 
with  the  single  structure  in  Amphioxus  which  may  be  called 
either  blastopore  or  anus  of  Rusconi,  which  yet  do  not  in  Elas- 
mobranchs coincide  in  position.  It  is  the  blastopore  of  Elas- 
mobranchs which  has  undergone  a  change  of  position,  owing 
to  the  unequal  growth  of  the  blastoderm ;  while  the  anus  of 
Rusconi  retains  its  normal  situation.  In  Osseous  Fishes  the 
blastopore  undergoes  a  similar  change  of  position.  The  possi- 
bility of  a  change  in  position  of  this  structure  is  peculiarly 
interesting,  in  that  it  possibly  serves  to  explain  how  the  blasto- 
pore of  different  animals  corresponds  in  different  cases  with  the 
anus  or  the  mouth,  and  has  not  always  a  fixed  situation\ 

^  For  a  fuller  discussion  of  this  question  vide  Self ,' A  comparison  of  the  early 
stages  of  deyelopment  in  vertebrates.'    Quart.  Joum,  ofMier.  Science ,  July,  1875. 
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EXPLANATION  OF  PLATE  XXI. 


ep.   epiblast 

/.  /.  lower  layer  cell. 

m,   mesoblasi 

hy.    hypoblast. 

9.  c.   segmentation  cavity. 

6.  %,   embryo  swelling. 

91.   nuclei  of  yolk. 

1.  Longitudinal  section  of  a  blastoderm  at  the  first  appearance  of  the 
segmentation  cayity. 

2.  Longitudinal  section  through  a  blastoderm  after  the  layer  of  cells 
has  disappeared  from  the  floor  of  the  segmentation  cavity,  hd,  large  cell 
resting  on  the  yolk,  probably  remaining  over  from  the  later  periods  of 
segmentation.    Magnified  60  diameters.    (Hardened  in  chromic  acid.) 

The  section  is  intended  to  illustrate  the  fact  that  the  nuclei  form  a 
layer  in  the  yolk  under  the  floor  of  the  segmentation  cavity.  The  roof  of 
the  segmentation  cavity  is  broken. 

2  a.  Portion  of  same  blastoderm  highly  magnified,  to  show  the  characters 
of  the  nuclei  of  the  yolk  and  the  nuclei  in  the  cells  of  the  blastoderm. 

25.  Laiige  knobbed  nucleus  from  the  same  blastoderm,  very  highly 
magnified. 

2  c.   Nucleus  of  yolk  from  the  same  blastoderm. 

3.  Longitudinal  section  of  blastoderm  of  same  stage  as  fig.  2.  (Hard- 
ened in  chromic  acid.) 

4.  Longitudinal  section  of  blastoderm  slightly  older  than  fig.  2. 
Magnified  45  diameters.    (Hardened  in  osmic  acid.) 

It  illustrates  (1)  the  characters  of  the  epiblast;  (2)  the  embryonio 
swelling ;  (3)  the  segmentation  cavity. 

5.  Longitudinal  section  through  a  blastoderm  at  the  time  of  the  first 
appearance  of  the  embryonic  rim,  and  before  the  formation  of  the  medul- 
lai7  groove.     Magnified  45  diameters. 
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EXPLANATION  OF  PLATE  XXIL 


0p,   epiblast 

m.   mesoblasi 

hy,   hypoblast. 

e,  r.   embryonic  rim. 

n.  al,  cells  formed  around  the  nuclei  of  the  yolk  which  haye  entered 
the  hypoblast. 

e,   cell  formed  around  nndeus  of  yolk. 

971.^.   medullary  groove. 

5  a.  Section  through  the  periphery  of  the  embryonic  rim  of  the  blasto- 
derm of  which  fig.  5  is  a  section. 

6.  Section  through  the  embryonic  rim  of  a  blastoderm  somewhat 
younger  than  that  represented  on  PL  xxiy.  fig.  B. 

7.  Section  through  the  most  projecting  portion  of  the  embryonic  rim 
of  a  blastoderm  of  the  same  age  as  that  represented  on  PI.  xxiv.  fig.  B. 
The  section  is  drawn  on  a  yery  considerably  smaller  scale  than  that  on 
PI.  XXI.  fig.  6.  It  is  intended  to  illustrate  the  growth  of  the  embryonic 
rim  and  the  disappearance  of  the  segmentation  cavity. 

7  a.  Section  through  peripheral  portion  of  the  embryonic  rim  of  the 
same  blastoderm,  highly  magnified.  It  specially  illustrates  the  formation 
of  a  cell  (c)  around  a  nucleus  in  the  yolk.  The  nuclei  of  the  blastoderm 
have  been  inaccurately  rendered  by  the  artist. 

8  a.  8  ^.  8  <;.  Three  sections  of  the  same  embryo.  Inserted  mainly  to 
illustrate  the  formation  of  the  mesoblast  as  two  independent  lateral  masses 
of  cells ;  only  half  of  each  section  is  represented.  8  a  is  the  most  posterior 
of  the  three  sections.  In  it  the  mesoblast  forms  a  large  mass  on  each  side, 
imperfectly  separated  from  the  hypoblast  In  8  h,  from  the  anterior  part  of 
the  embryo,  the  main  mass  of  mesoblast  is  far  smaller,  and  only  forms  a 
cap  to  the  hypoblast  at  the  highest  point  of  the  medullary  fold.  In  8  c  a 
cap  of  mesoblast  is  present,  similar  to  that  in  85,  though  much  smaUer. 
The  sections  of  these  embryos  were  somewhat  oblique,  and  it  has  unfor- 
tunately happened  that  while  in  8a  one  side  is  represented,  in  8&  and 
8c  the  other  side  is  figured,  had  it  not  been  for  this  the  sections  8&*and 
8c  would  have  been  considerably  longer  than  8a. 

9.  Longitudinal  section  of  an  embryo  belonging  to  a  slightly  later 
stage  than  B. 
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EXPLANATION  OF  PLATE  XXII L 

ep,   epiblast. 

m.   mesoblast 

hy,    hypoblast. 

V,  p,  yertebral  plate. 

n.  a.  cells  to  form  ventral  wall  of  alimentary  canal  which  have  been 
derived  from  the  yolk. 

I.  y,  line  separating  the  yolk  from  the  blastoderm. 
m.  g,   medullary  groove. 

n.   nucleus  of  yolk. 

c   cells  formed  in  the  yolk  around  the  nuclei  of  the  yolk. 

10  a.  10  b,  10  e.  Three  sections  of  the  same  embryo  belonging  te  a  stage 
slightly  later  than  B,  PL  xxiv. 

10  a.  The  most  posterior  of  the  three  sections.  It  shows  the  posterior 
flatness  of  the  medullary  groove  and  the  two  isolated  vertebral  plates. 

106.  This  section  is  taken  from  the  anterior  part  of  the  same  embryo 
and  shows  the  deep  medullary  groove  and  the  commencing  formation  of 
the  ventral  wall  of  the  alimentary  canal  from  the  nuclei  of  the  yolk. 

10  0.  Shows  the  disappearance  of  the  medullary  groove  and  the 
thinning  out  of  the  vertebral  plates  in  the  region  of  the  head. 

II.  Small  portion  of  the  blastoderm  and  the  subjacent  yolk  of  an 
embryo  at  the  time  of  the  first  appearance  of  the  medullary  groove  x  300. 
It  shows  two  large  nuclei  of  the  yolk  (n;  and  the  protoplasmic  network  in 
the  yolk  between  them ;  the  network  is  seen  to  be  closer  round  the  nuclei 
than  in  the  intervening  space.  There  are  no  areas  representing  cells 
around  the  nuclei 

12.  Nucleus  of  the  yolk  in  connection  with  the  protoplasmic  network 
hardened  in  osmic  acid. 

13.  Portion  of  posterior  end  of  a  blastoderm  of  stage  B,  showing  the 
formation  of  cells  around  the  nuclei  of  the  yolk. 

14.  Section  through  part  of  a  Scyllium  egg,  about  i^th  of  an  inch  in 
diameter. 

n.  /.   protoplasmic  network  in  yolk. 

z.p,  zona  pellacida. 

ch.   chorion. 

f.  ep,   follicular  epithelium. 

x>   structureless  membrane  external  to  this. 
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EXPLANATION  OF  PLATE  XXIV. 


9.  e.  segmentation  cavity. 

e.  8.  embryo  swelling. 

m.  g,  medullary  groove. 

t,9,  tail-swelliug. 

k.  head. 

eh,  notochord. 

op,   eye. 

au,v.  auditory  yesida 

al,  alimentary  cavity. 


to.  f.   somatic  stalk. 

1. 0.  r.   1st  visceral  deft 

«.  c,  visceral  cleft 

ni,p,  muscle-plates. 

m.  mouth. 

an.  point  where  anus  will  appear. 

at.  V.  alimentary  vesicle. 

ht,  hearts 


A.  Surface  view  of  blastoderm  of  Pristiurus  hardened  in  duromic  acid. 

B.  Surface  view  of  fresh  blastoderm  of  Pristiurus. 

C.  D,  E,  and  F.    Pristiurus  embryos  hardened  in  chromic  acid. 
I,  G,  H.   Pristiurus  embryos  viewed  as  transparent  objects. 


EXPLANATION  OF  PLATE  XXV. 


K.    Pristiuros  embryo  hardened  in  chromic  add. 

The  remainder  of  the  figures  are  representations  of  embryos  of 
Scyllium  canicula  hardened  in  chromic  acid.  In  every  case,  with  the  ex- 
ception of  the  figures  marked  P  and  Q,  two  representations  of  the  same 
embryo  are  given;  one  from  the  side  and  one  from  the  under  surfiAoe. 
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EXPLANATION  OF  PLATE  XXVL 

yk,  yolk. 

bl.  blastoderm. 

a.  arteries  of  yolk  sac  (red). 

V.  veins  of  yolk  sac  (blae). 

X.  portion  of  blastoderm  outside  the  arterial  circle  in  which  no  blood- 
vessels are  present 

1.  Yolk  of  a  Pristiums  egg  with  blastoderm  and  embryo.  About  two- 
thirds  of  the  yolk  has  been  enveloped  by  the  blastoderm.  The  embryo  is 
still  situated  at  the  edge  of  the  blastoderm,  but  at  the  end  of  a  bay  in  the 
outline  of  this.  The  thickened  edge  of  the  blastoderm  is  indicated  by  a 
darker  shading.    Two  arteries  have  appeared. 

2.  Tolk  of  an  older  Pristiums  egg.  The  yolk  has  become  all  but  I 
enveloped  by  the  blastoderm,  and  the  embryo  ceases  to  lie  at  the  edee  of 
the  blastoderm,  owing  to  the  coalescence  of  the  two  sides  of  the  bay  which 
existed  in  tlie  earlier  stage.  The  circulation  is  now  largely  developed.  It 
consists  of  an  external  arterial  ring,  and  an  internal  venous  ring,  the  latter 
having  been  developed  in  the  thickened  edge  of  the  blastoderm.  Outside 
the  arterial  riqg  no  vessels  are  developed. 


3.  The  yolk  has  now  become  completely  enveloped  by  the  blastoderm* 
The  arterial  ring  has  increased  in  size.  The  venous  ring  has  vanished, 
owing  to  the  complete  enclosure  of  the  yolk  by  the  blastoderm.  The  point 
where  it  existed  is  still  indicated  iy)  by  the  brush-like  termination  of  the 
main  venous  trunk  in  a  number  of  small  branches. 

4.  Diagrammatic  projection  of  the  vascular  system  of  the  yolk  sac 
of  a  somewhat  older  embryo. 

The  arterial  ring  has  grown  much  larger  and  the  portion  of  the  yolk 
where  no  vessels  exist  is  very  small  {x).  The  brush-like  termination  of  the 
venous  trunk  is  still  to  be  noticed. 

The  two  main  trunks  (arterial  and  venous)  in  reality  are  in  close  contact 
as  in  fig.  5,  and  enter  the  somatic  stalk  close  togetlier. 

The  letter  a  which  points  to  the  venous  (blue)  trunk  should  be  v  and 
not  a. 

5.  .  Circulation  of  the  yolk  sac  of  a  still  older  embryo,  in  which  the 
arterial  circle  has  ceased  to  exist,  owing  to  the  space  outside  it  having 
become  smaller  and  smaller  and  finally  vanished. 
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REMARKS  ON  THE  ANATOMY  OF  THE  ARMS  OF 
THE  CRINOIDS.  By  P.  Herbert  Carpenter,  B.A., 
Trinity  College,  Cambridge* 

Since  the  appearance  of  the  now  classical  memoir^  by 
Johannes  Miiller,  "  Ueber  den  Ban  des  Pentacrinus  Caput- 
Medusse/'  comparatively  few  observers  have  devoted  any 
attention  to  the  structure  of  the  soft  parts  of  the  arms  of  the 
Ciinoids;  and  although  more  recent  investigation  has  shown 
that  in  some  points  his  descriptions  are  not  entirely  correct, 
they  are  still  repeated  in  most  of  our  text-books  of  Zoology 
and  Comparative  Anatomy. 

Miiller  describes  the  ventral  perisome  of  the  arms  of 
Comatula  (Antedon)  as  containing  two  canals  separated  by  a 
nerve  cord ;  viz.,  an  inferior  one  communicating  at  the  edge  of 
the  disc  with  the  perivisceral  cavity,  and  a  superior  one  which 
he  called  the  "tentacular  canal"  lying  beneath  the  radial 
furrow,  and  which,  in  accordance  with  Heusinger',  he  describes 
as  extending  into  the  disc  almost  as  far  as  the  mouth,  and  then 
opening  into  the  cavities  of  the  spongy  substance  which  occu- 
pies the  centre  of  the  visceral  mass. 

Mtiller  believed  that  the  cavities  of  the  tentacles  at  the 
sides  of  the  radial  furrows  of  the  disc  and  arms,  were  in  com- 
munication with  this  superior  or  tentacular  canal;  but  ho 
states  in  a  later  memoir'  that  he  was  never  able  to  assure  him- 
self of  this  by  direct  observation ;  further,  he  points  out  that 
the  canal  is  single  in  Pentacrinus,  but  that  it  is  divided  at  many 
points  in  the  arms  of  Comatula  (Antedon)  into  two  parts  by 
a  thin  vertical  wall.  Between  these  two  arm-canals  Miiller 
described  a  cord  slightly  swollen  opposite  the  attachment  of 
each  pinnule,  which  he  recognised  as  the  nerve  cord  of  the  arm. 
Finally,  following  Heusinger,  he  described  a  membranous  tube 
as  lying  in  the  axis  of  the  skeletal  parts  of  the  arms  and  pin- 

^  Ahhandlwigen  der  Berlin.  Akademie,  1S41. 
*  Zeittchrift  fUr  Organ,  PkysiologU,  m.  (1S29)  366. 

"  Ueber  den  Ban  der  Eohinodennen.     Ahhandlwigen  der  Berlin.  A  hademxex 
1853,  p.  178. 
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noles;  this  be  supposed  to  be  a  vessel  or  natiiiiye  canal,  as  it 
communicates  with  a  bollow  oigan  lying  in  the  base  of  the 
calyx,  which  he  regarded  as  a  heart 

The  next  paper  with  which  we  are  concerned  is  that  of 
Professor  Wyville  Thomson,  on  the  *'  Embryogeny  of  Antedon 
rosaceas  ^ " :  it  contains  an  account  of  the  development  of  an 
oral  vascular  ring,  from  which  radial  vessels  extend  along  the 
upper  (ventral)  surface  of  the  arms,  while  beneath  them  lie 
tubular  extensions  of  the  perivisceral  space.  These  last  were 
subsequently  shown  by  Dr  Carpenter'  to  become  very  early 
divided  by  horizontal  partitions ;  so  that  the  ventral  sarbice  of 
each  arm  comes  to  contain  three  superimposed  canals ;  viz.  (1) 
a  tentacukur  canal,  giving  off  lateral  diverticula  alternately  on 
opposite  sides  to  the  crescentic  (respiratory)  leaves  bordering 
the  radial  furrows,  and  the  groups  of  tentacles  in  connection 
with  them :  (2)  a  mbtentacidar  canal,  communicating  in  the 
young  Pentaciinoid  with  the  peristomial  portion  of  the  perivis- 
ceral space :  and  (3)  an  inferior  or  ccdta>c  canal,  extended  from 
that  portion  of  the  perivisceral  space  which  occupies  the  hollow 
of  the  calyx. 

In  this  first  part  of  his  memoir  Dr  Carpenter  also  states  that 
the  structure  described  by  MtlUer  as  a  nerve,  lying  between  his 
two  arm-canals,  really  belongs  to  the  reproductive  apparatus ; 
and  that  the  axial  cords  regarded  by  Mtiller  as  vessels,  are  solid 
and  probably  of  a  nervous  nature. 

It  will  be  seen  that  Dr  Carpenter  here  describes  three 
canals  in  the  ventral  perisome  of  the  arms,  while  Miiller  only 
mentions  two :  this  discrepancy  is  due  to  the  fact  that  the  recU 
tentacular  canal,  le.  that  from  which  the  cavities  of  the  tenta- 
cles originate,  was  overlooked  by  Miiller,  his  tentacular  or 
superior  canal  corresponding  exactly,  as  will  be  seen  later  on,  to 
the  subtentacular  canal  of  Dr  Carpenter. 

In  1873,  M.  Edmond  Perrier  published  an  elaborate  memoir' 
on  the  structure  and  regeneration  of  the  arms  of  Antedon 
rosaceuB ;  which,  while  containing  much  new  and  valuable  in- 
formation^ as  to  their  histology,  is  very  misleading  as  to  their 

1  Phil  Tram.,  1866,  Vol.  clt.  p.  613. 

*  Besearches  on  the  Straotnre,  Physiology,  and  Development  of  Antedon 
rosaoena,  part  i.,  Phil.  Tratu.f  1866,  clyi.  728. 

*  Archives  de  Zoologie  exp^SrimentaUj  n.  1873,  p.  29. 
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morphology  in  consequence  of  the  exclusiveness  of  the  method 
of  study  adopted  by  the  author.  He  does  not  seem  to  have 
made  any  transverse  sections  of  the  arms  after  decalcificatioxi, 
but  to  have  limited  himself  to  observation  of  their  thinned-out 
terminations,  especially  when  these  were  in  course  of  regenera- 
tion after  fracture ;  what  he  sought  being  the  most  favourable 
opportunity  of  studying  the  tentacular  apparatus  from  its 
ventral  aspect. 

In  this  manner  he  was  able  clearly  to  distinguish  the  longi- 
tudinal tentacular  canal,  and  its  communications  by  successive 
alternating  peduncles  with  the  trifid  groups  of  tentacles  that 
fringe  the  borders  of  the  radial  (?  ambulacral)  furraw.  This 
tentacular  canal  he  obviously  supposed  to  be  the  tentacular 
canal  of  Miiller;  although  he  rightly  identified  it  with  that 
which  Dr  Carpenter*  had  recognised  as  the  representative,  in 
the  adult  Antedon,  of  the  true  tentacular  canal  described  by 
Professor  Wyville  Thomson  as  an  extension  of  the  oral  ring 
of  the  Fentacrinoid  larva^  and  which  (as  stated  by  Dr  Car- 
penter) lies  between  the  tentacular  canal  of  Miiller  and  the  floor 
of  the  furrow.  M.  Perrier  recognised  th«  fact*  that  an  exten- 
sion of  the  perivisceral  cavity  passes  into  the  arms,  as  Miiller 
had  pointed  out,  but  he  affirmed  that  this  is  single,  and  that  its 
existence '  is  limited  to  a  certain  period  of  the  growth  of  the 
arms  and  pinnules ;  refusing  to  it  altogether  the  character  of  a 
canal  system.  He  denied  altogether  the  existence  of  the  third 
canal  specified  by  Dr  Carpenter,  and  expressed  his  conviction 
that  no  one  would  ever  find  it  Yet  this  third  canal,  the  svhten-' 
tacular  one  of  Dr  Carpenter,  is  really  Miiller's  tentacular  canal, 
which  can  be  traced  without  the  smallest  difficulty,  not  to  the 
oral  ring  (or  its  representative)  in  the  adult  animal,  like  the 
tentacular  one,  nor  to  the  perivisceral  space  like  the  cceliac,  but 
to  the  interior  of  the  central  columella  of  the  visceral  mass,  as 
described  by  Miiller  and  Heusinger. 

The  existence  of  three  canals  in  the  arms  and  pinnules  of  the 
ordinary  type  of  Antedon  rosaceus,  as  stated  by  Dr  Carpenter, 
can  no  longer  be  a  matter  of  doubt ;  as  it  can  be  readily  demon- 
strated by  any  one  who  will  take  the  trouble  to  make  the  thin 


^  Loc.  cit,  *  Lo€.  eit,,  pp.  49  and  57. 

»  Loc.  cit.,  pp.  48  and  78. 
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transverse  sectionB  which  modem  methods  enable  him  readily 
to  obtain.  I  have  thus  myself  satisfied  Professor  Semper  of  the 
correctness  of  Dr  Carpenter's  views  upon  this  point.  Ludwig 
has  also  confirmed  them,  and  Professor  Huxley  has  recently 
expressed  privately  his  full  acceptance  of  them,  as  the  result  of 
his  own  use  of  this  method. 

The  mode  of  study  adopted  by  M.  Perrier,  however,  led  him 
to  recognise  a  new  point  in  the  structure  of  the  arms  of  Ante- 
don,  viz.  the  existence  of  a  band  of  fibrils  regarded  by  him  as 
muscular,  and  extending  along  the  length  of  the  arms  and  pin- 
nules, beneath  the  epithelium  of  the  radial  furrows,  in  imme- 
diate contact  with  the  ventral  wall  of  the  real  tentacular 
canal. 

Shortly  afterwards  Professor  Semper,  who  had  studied  the 
Crinoids  of  the  Philippine  Islands,  published  a  short  paper^ 
showing  from  his  own  independent  investigations  made  some 
years  previously,  that,  as  had  been  stated  by  Dr  Carpenter,  the 
nervous  cord  of  Miiller  really  belongs  to  the  generative  system,  of 
which  it  is  the  rachis :  while,  following  Miiller,  he  figured  two 
arm  canals  (besides  the  axial  cord),  an  inferior  one  and  a 
superior  one,  immediately  above  which  last,  he  described  in  his 
new  Philippine  species,  Actinometra  (Comatula)  armata  (Sem- 
per, MSS.),  a  cord  a,  which  he  supposed  to  be  identical  with  the 
muscular  band  of  Perrier. 

In  an  addendum*  to  a  translation  of  Professor  Semper*s 
paper,  Dr  Carpenter  states  that  in  Antedon  rosaceus  the  ten- 
tacular or  superior  canal  of  Miiller  and  Professor  Semper  has  no 
connection  with  the  tentacles,  but  that  the  real  tentacular 
canal,  firom  which  the  tubular  tentacles  originate,  lies  above  it 
in  the  position  occupied  by  the  cord  x  in  Actinometra  armata. 
Ludwig'  has  quite  recently  confirmed  J)r  Carpenter's  statement 
regarding  Miiller's  tentacular  canal  in  Antedon  rosaceus,  and 
says  that  the  radial  watervessels  correspond  to  the  cord  x  in 
Professor  Semper^s  section,  adding  that  Perrier's  muscular 
band  is  not  identical  with  the  cord  a,  but  lies  above  it,  and 

1  Knne  anatomisohe  Bemerkungen  fiber  CoxnatuU,  ArhHten  aui  dem  ZooL 
ZaoU  IntHtwt  in  WUrzburg,  Band  i.  1874,  p.  259. 

>  Ann.  and  Mof,  of  Nat,  HuU,  Sept.  1875. 

1  Znr  Anaiomie  der  Crinoidien,  Zeitschrift  fUr  Wiisenschaftliche  Zoologie, 
xxYi.  1876,  p.  861. 
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that  he  believes  it  to  be  of  a  nervous  and  not  of  a  muscular 
nature. 

Ludwig  refers  to  the  real  tentacular  canals  as  radial  water- 
vessels;  and  also  states  that  he  has  found  Antedon  rosaoeus  to 
possess  a  true  watervascular  system  of  the  form  typical  for  all 
Echinoderms,  consisting  of  a  circular  oral  vessel  and  radial 
trunks  in  connection  with  it.  Accordiogly  he  controverts  the 
opinion  expressed  by  Professor  Semper,  in  his  monograph  on 
the  Holothurians\  that  our  living  Crinoids  have  no  true  water* 
vascular  system.  It  must  be  remembered  however  that,  as  far 
as  we  yet  know  the  development  of  the  oral  ring  and  nulial 
canals  in  the  Crinoids,  their  origin  is  very  different  from  that  of 
the  watervascular  system  in  the*  other  Echinoderms.  Dr  Car- 
penter mentioned  long  ago*,  and  has  recently  shown  at  greater 
length',  that  the  vascular  ring  of  the  Fentacrinoid  larva,  from 
which  the  oral  tentacles  arise,  is  really  an  extension  of  the  peri- 
Tisceral  cavity,  partly  sex)arated  from  the  rest :  and  Metschni- 
koff*,  by  later  independent  investigation,  has  obtained  essentially 
the  same  results.  This  last  observer,  to  whom  we  owe  so  much 
of  our  knowledge  of  the  development  of  the  watervascular  sys- 
tem and  perivisceral  cavity  in  the  other  Echinoderms,  states 
expressly  that  the  watervascular  system  of  Comatula  Mediter- 
ranea  (probably  =»  Antedon  rosaceus)  is  developed  in  a  different 
way  from  that  of  the  rest  of  the  Echinoderms,  and  that  the 
larvae  do  not  possess  the  so-called  lateral  discs  or  their  homo- 
logues,  such  as  occur  in  the  larvse  of  many  Echinoderms  and  in 
Tomaria. 

Further,  Professor  Wyville  Thomson'  was  unable  to  detect 
any  cilia  on  the  walls  of  the  oral  ring  of  the  Peutacrinoid  larva, 
while  M.  Ferrier'  could  not  find  them  in  the  radial  canals  of 
the  adult  animal;  and  these  are  universally  present  in  the 
watervessels  of  the  other  Echinoderms. 

Ludwig  also  asserts  the  existence  of  an  oral  ring  in  the 
adult  Comatula  Mediterranea,  with  tubuli  depending  from  it 

1  ReUen  tm  Arehipel  der  PkUippvMnf  ii.  1.    Holothniien,  p.  196, 

*  Phil.  Tram.  1866,  p.  728. 

*  On  the  Stniottire,  Phygiology,  and  Development  of  Antedon  roeacens,  Proe, 
Roy.  Soc.j  Jan.  20ih,  1876,  p.  227. 

«  BuU.  de  VAcad.  Imp.  de  St  PHenbourg,  1870,  pp.  508,  509. 
»  Phil.  Trans.,  1866,  p.  626. 

*  Loc.  eit.  p.  58. 
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into  the  plexus  of  tissue  occupying  the  perivisceral  cavity,  with 
which  they  communicate  by  their  open  ends:  and  he  regards 
them  as  the  homologues  of  the  sand-canals  of  the  other  Echino- 
derms. 

Dr  Carpenter  however  has  recently  stated^  that  the  ring 
canal  of  the  young  pentacrinoid  of  Antedon  rosaceus  (which  is 
generally  regarded  as  identical  with  MiiUer's  Comatula  Mediter- 
ranea)  is  simply  a  space  between  the  two  folds  of  the  annular 
lip  from  which  spring  the  oral  tentacles,  and  that  it  becomes 
separated  from  the  perivisceral  cavity  by  a  circlet  of  threads  of 
connective  tissue,  which  passes  between  the  inner  and  outer 
folds  of  the  lip. 

''The  increased  development  of  this  connective  tissue  subse- 
quently constitutes  a  partition  that  cuts  off  the  oral  ring  from 
the  coelom  and  finally  breaks  up  the  canal  itself  into  an  irregu- 
lar areolation." 

Consequently,  in  the  adult  Antedon',  ''the  thickened  annu- 
lar lip  which  surrounds  the  mouth  does  not  contain  any 
distinct  ring  canal;  its  original  cavity  having  been  entirely 
filled  up  by  threads  and  bands  of  connective  tissue,  and  by 
a  set  of  coecal  tubuli." 

The  radial  true  tentacular  canals  however  "still  pass  towards 
it,  and  seem  to  lose  themselves  in  what  may  be  called  its  '  inter- 
space system';  this  being  continuous  with  that  which  has  come 
almost  entirely  to  occupy  the  portion  of  the  perivisceral  cavity 
that  originally  lay  open  within  the  intestinal  coil,"  and  which 
thus  forms  the  central  columella  of  the  disc. 

Under  these  circumstances,  it  would  seem  that  we  are 
scarcely  yet  justified  in  regarding  the  system  of  tentacular 
canals  in  the  Crinoids  as  a  true  watervascular  system,  homo- 
logous with  that  of  the  other  Echinoderma  We  know  of  no 
Polian  vesicles  nor  Madreporic  canal  in  connection  with  it, 
though  Ludwig  has  recently  suggested'  that  the  appendages  of 
the  ring  canal  described  by  him,  which  appear  to  correspond  to 
the  ccecal  tubuli  of  Dr  Carpenter  (while  the  plexus  described  by 
him   as  Occupying  the  perivisceral  cavity  is   the   "interspace 

'  Proe.  Roy.  Soc,  Jan.  20th,  1876,  p.  227. 
'  Proc.  JRoy.  Soc.,  Jan.  20th,  1876,  p.  214. 

*  Nachriehten  von  der  K'dnigl.   GeselUchaft  iUr  Wistentchajten   und  der 
G.  A.  Universitdt  zu  Gdttingen,  No.  5|  Feb.  23rd,  1876. 
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Bystem"  of  Dr  Carpenter),  may  represent  the  sand  canals  (Stein* 
kanale)  of  the  other  Echinoderms;  while  he  also  regards  the 
ciliated  funnels  in  the  ventral  perisome  of  the  disc  which  lead 
into  the  perivisceral  cavity,  as  collectively  comparable  to  ''the 
apparatus  of  the  Madreporic  plate  of  the  Asterids  and  Echinids": 
but  the  justice  of  these  comparisons  is  yet  to  be  demonstrated. 
In  some  points  however,  but  by  no  means  in  all,  there  is  a  con* 
siderable  analogy  in  the  functions  of  the  two  systems.  Dr  Car* 
penter  has  stated^  that  the  "tubular  tentacula  with  which  the 
arms  of  A^tedon  are  so  abundantly  fiimished,  have  not  in  the 
smallest  degree  that  adhesive  power  which  is  possessed  by  the 
feet  of  the  Echinida  and  Asterida/'  and  he  is  disposed  to  regard 
them  as  ''constituting  a  special  respiratory  apparatus,  and 
homologous  with  the  tentacular  fringe  surrounding  the  mouth 
of  the  Holothurida,  and  with  the  respiratory  tubes  of  the 
Asterida  and  Echinida'." 

This  opinion,  common  to  Professor  Semper  and  Dr  Carpen* 
ter,  seems  to  be  also  shared  by  Professor  Huxley ;  as  he  has 
lately  stated'  that  no  ambulacral  vessels  have  yet  been  defi- 
nitely made  out  in  the  Crinoidea. 

Dr  Carpenter  has  recently  described  at  length^  the  arrange- 
ment of  the  canal  systems  and  of  other  structures  in  the  arms 
of  Antedon  rosaceus;  and  he  shows  how  his  subtentacular  canal, 
although  actually  double  in  the  arms  of  the  adult  animal,  is 
virtually  single;  the  primitively  single  canal,  developed  from 
the  upper  portion  of  the  tubular  extension  of  the  perivisceral 
space  into  the  arms,  beneath  the  radial  tentacular  canals  of  the 
Pentacrinoid  larva,  becoming  divided  into  two  parts  by  a  verti- 
cal perforated  partition ;  while  in  the  disc  this  canal  is  actually 
single,  and  opens  into  the  axial  canal  of  the  central  columella, 
exactly  like  the  tentacular  canal  of  Muller  and  Heusinger,  with 
which  it  is  in  fact  identical,  the  real  tentacular  canal  having 
been  overlooked  by  these  observers. 

The  last  paper  which  we  shall  have  to  notice  is  a  very 
recent  one  by  Ludwig',  in  which  he  gives  a  minute  account 

1  Phil.  Trans.  1866,  p.  699. 

*  Proc.  Roy.  Soc,  Jan.  20tli,  1876,  p.  224. 

*  Notes  on  the  Invertebrate  Med.  Times  and  Gaz»^  Aug.  14,  1876,  p.  173. 

*  Proc.  Roy.  fifoc,  Jan,  20th,  1876,  p.  221. 

*  Nackrichten  von  der  K'dnigl.   Gesellschaft  der    Wistensehafien  und  der 
G.  A.  Universitat  xu  Gottingen,  No.  5,  Feb.  23rd,  1876. 
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of  the  histology  of  ihe  various  structures  oontained  in  the 
ventral  perisome  of  the  arms  and  pinnules,  baang  his  descrip- 
tion  upon  their  appearance  in  Antedon  Eschrichtii;  he  has 
however  examined  several  other  species,  including  Pentacrinus 
Caput-MedussB,  and  finds  the  differences  between  them  to  be 
merely  of  subordinate  importance.  As  mentioned  above,  his 
description  of  the  canal  systems  completely  confirms  Dr  Car- 
penter^s  views.  With  regard  to  Perrier  s  muscular  band,  he 
corrects  his  previous  statement  that  he  believes  it  to  be  nervous 
and  not  muscular  in  nature,  and  points  out  that  in  the  ventral 
wall  of  the  tentacular  canal,  there  is  a  set  of  longitudinal  fibres 
answering  to  the  description  given  by  Perrier  of  his  muscular 
band;  but  that  above  these,  and  immediately  beneath  the 
epithelium  of  the  radial  furrow,  is  a  delicate  fibrillar  structure, 
enclosed  in  a  thin  sheath  of  connective  tissue  which  sends  in 
|>artitions  between  the  fibrils,  so  as  to  break  them  up  into  small 
bundles;  and  it  is  this  structure  which  he  regards  as  the  repre- 
sentative of  the  radial  nerves  of  the  other  Echinoderms.  To 
Ludwig  therefore  is  due  the  credit  of  the  discovery  of  this 
possibly  nervous  band;  although,  somewhat  later,  it  was  inde- 
]3endently  observed  by  myself,  and  I  am  glad  to  be  able  to 
testify  to  the  accuracy  of  his  description  of  it.  He  points  out 
that,  though  it  is  usually  continuous  across  the  radial  furrow, 
in  Antedon  Eschrichtii  this  is  not  the  case,  but  that  in  the 
centre  of  the  furrow  the  small  fibrillar  bundles  of  the  two  sides 
are  separated  by  a  short  interval  in  which  none  occur :  he  does 
not  tell  us,  however,  how  far  the  band  extends  on  either  side. 
In  my  specimens  I  find  it  usually  to  end  in  a  rounded  and 
thickened  margin,  at  the  point  where  the  thick  epithelium  of 
the  floor  of  the  groove  begins  to  pass  into  the  thinner  layer 
covering  the  elevated  ridges  of  the  perisome  which  form  its 
lateral  wall;  though  in  rare  cases  I  have  noticed  that  it  sends  a 
fine  branch  upwards  under  this  thinner  layer. 

Beneath  the  central  part  of  the  epithelium  forming  the 
floor  of  the  radial  furrow,  Ludwig  further  mentions  a  small 
cavity  often  containing  a  slight  coag^lumS  and  occasionally 
sending  off  lateral  branches  in  the  direction  of  the  groups 

1  I  have  also  found  a  ooaguluin  in  ibe  cobUac  and  subtentacular  canals. 
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of  tentacles;  and  he  compares  it  to  tbe  vascular  cavities  in 
connection  with  the  radial  nerves,  described  in  the  Ajsterids  by 
Greef*  and  other  authors.  The  same  view,  supposing  that  the 
fibrillar  subepithelial  band  is  really  a  nerve,  had  also  occurred 
to  mysel£  A  similar  cavity  between  the  radial  nerve  and  the 
watervessel  has  been  also  described  by  Professor  Semper'  in 
Cucumaria  Japonica. 

In  the  pinnules  of  Antedon  Eschrichtii  and  of  the  other 
species  examined  by  him,  Ludwig  has  found  small  ciliated 
diverticula  of  the  coeliac  canal,  which  he  has  well  compared 
to  the  ciliated  funnels  on  the  mesentery  of  the  SynaptidsB : 
these  however  are  not  limited  to  the  pinnules,  for  I  have 
found  them  also  in  the  arms  of  Antedon  Eschrichtii ;  though 
they  are  much  less  frequent  than  in  the  pinnules,  being  often 
entirely  absent  through  several  successive  segments. 

Shortly  after  my  arrival  in  Wiirzburg  towards  the  close  of 
last  year,  Professor  Semper  most  liberally  placed  at  my  dis- 
posal all  his  specimens  of  his  Actinometra  (Comatula)  armata, 
as  material  for  a  monograph  of  the  species;  and  one  of  the 
first  points  to  which  I  directed  my  attention  was  to  determine 
the  relations  of  the  fibrillar  subepithelial  band,  which  I  had 
found  in  both  arms  and  disc  of  Antedon  Eschrichtii,  to  the 
canal  system,  and  to  the  cord  x  already  described  by  Professor 
Semper  in  this  species ;  and  I  am  now  able  to  show  that  this 
cord  X  is  not  the  representative  of  the  muscular  band  described 
by  Perrier  in  Antedon  rosaceus,  as  supposed  by  Professor 
Semper,  nor  on  the  other  hand  does  it  represent  the  tentacular 
canal,  as  suggested  by  Dr  Carpenter  and  Ludwig :  all  three, 
together  with  the  fibrillar  subepithelial  band  (?  nerve),  coexist 
in  the  arms  of  this  species. 

The  accompanying  sections  will  I  hope  make  this  clear. 
Fig.  I.  is  a  transverse  section  of  an  arm  of  Antedon  Eschrichtii 
(in  which  the  relations  of  the  parts  are  essentially  the  same  as 
in  Antedon  rosaceus).  On  the  ventral  surface,  immediately 
beneath  the  epithelium  e,  of  the  radial  furrow  is  the  delicate 
fibrillar  (? nervous) band,/.  6.,  discovered  by  Ludwig;  and  it  is 

^  Ueber  den  Bau  dei  Echinodermen,  Marburg^  SitxunfftberichUt  1871.    No. 
6, 1172. 

•  Holothuricn^  p.  148. 
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Fig.  I. 


Transrene  section  of  decalcified  arm  of  Antedon  Eschrichtii. 


oa.    Organic  basis  of  calcareons  segment. 

b,  Bolid  axial  cord  (nerre  ?)  of  Dr  Carpenter:  'nntritiTO  eanal '  of  Mfiller  and 
Hensinger. 

e.    Epithelium  of  the  radial  fnrrow. 
f.b.    Fibrillar  band  regarded  as  a  nerve  by  Lndwig. 

c.  Cavity,  probably  vascular  and  in  connection  with  this  band. 

t.€.  Tentac^kr  canal  of  Dr  Carpenter  and  Perrier,  with  a  Inranch  to  the 
tentacular  apparatus  on  the  right  side :  the  musoalar  band  of  Peorrier  is  in  Uie 
ventral  wall  of  this  canal. 

8A.e.    Subtentaoular  canals  of  Dr  Carpenter :  'tentacular  canal'  of  Mfiller. 
r.    Bachis  of  the  generative  system :  'nerve '  of  MtUler. 
g.e.    Genital  canal  of  Dr  Carpenter,  in  which  the  rachis  lies. 
e.e,    Coeliac  canal  of  Dr  Carpenter:  *  inferior  canal'  of  Miiller. 
p.    Tissue  of  ventral  perisome. 

«.    Sacouli  ('calcareous  glands'  of  Wyville  Thomson)  of  doubtful  (f  sensory) 
nature. 


not  contiauous  across  the  middle  line  of  the  furrow,  which  is 
occupied  by  the  small,  probably  vascular  cavity,  c,  mentioned 
above  :  its  shape  in  this  section  is  triangular,  though  it  is 
frequently  somewhat  flattened.  Beneath  this  again  lies  the 
true  tentacular  canal,  ^.  c,  with  its  branch  to  the  tentacular 
apparatus  on  the  right  side :  in  the  ventral  wall  of  this  canal 
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lie  the  fibres  constituting  the  muscular  band  of  Perrier.  Still 
deeper  come  the  double  subtentacular  canal,  8.  t  c,  the  rachis  r, 
of  the  generative  system,  lying  in  its  genital  canal,  g.  c,  and  the 
coeliac  canal,  c.  c,  while  in  the  centre  of  the  skeleton  is  the  axial 
cord,  6,  regarded  by  Dr  Carpenter  as  a  nerve. 

Fig.  IX.  is  a  similar  section  of  an  arm  of  Actinometra 
(Comatula)  armata,  in  which  the  same  parts  are  shown,  viz. 
the  fibrillar  band,  /.  6.,  the  tentacular  canal,  t  c,  and  its  lateral 
branch,  and  then  beneath  this,  and  projecting  into  the  cavity 
of  the  subtentacular  canal,  which  is  here  actually  single  as  in 
Pentacrinus,  is  the  body  a?,  which  is  merely  a  pigmented 
cellular  thickening  of  the  tissue  between  the  tentacular  and 
subtentacular  canals;  it  is  not  a  continuous  cord,  but  occurs 
at  intervals  along  the  whole  length  of  both  arms  and  pinnules : 
what  its  function  may  be,  I  cannot  tell. 

In  this  species,  the  ovaries,  at  any  rate  at  the  period  of 
sexual  maturity,  extend  themselves,  as  already  stated  by  Prof. 
Semper,  from  the  pinnules  into  the  soft  portions  of  the  arm, 
and  so  their  connection  with  the  rachis,  the  structure  of  which 
is  very  remarkable,  becomes  visible  in  transverse  sections  of 
the  arm,  as  is  seen  on  the  left  side  in  Fig.  ii.  The  coeliac 
canal  and  axial  cord  occupy  the  same  positions  here  as  in 
Fig.  I.  The  muscles,  m,  m,  connecting  the  successive  segments 
of  the  arms,  appear  in  this  section,  but  not  in  that  of  Fig.  i., 
as  the  former  is  taken  rather  nearer  the  end  of  a  segment  than 
the  latter. 

It  will  thus  be  seen  that  the  arrangement  of  the  canal 
system  in  the  arms  of  Actinometra  armata,  is  essentially  the 
same  as  that  described  in  Antedon  rosaceus  by  Dr  Carpenter : 
the  main  difference  being  in  the  form  and  simple  nature  of  the 
subtentacular  canal,  which  Professor  Semper,  following  Miiller, 
described  as  the  tentacular  canal;  although  as  he  has  since 
informed  me,  he  saw  the  real  one,  but  did  not  pay  any  par- 
ticular attention  to  it,  as  the  object  of  his  paper  was  simply  to 
point  out  Muller!s  errors  regarding  the  rachis  of  the  generative 
system. 

The  form  of  the  subtentacular  canal  is,  in  this  species, 
rather  peculiar;  for  instead  of  being  somewhat  compressed 
vertically,  as  is  the  case  in  the  European  species,  it  extends 
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Fig.  n. 


Tnnsrene  leetion  of  decalcified  ami  of  Actinometra  (Comatola)  annaia 

(Semper  MSS.). 


aa.    Organic  basis  of  ealcareouB  segment. 
6.    Solid  axial  cord  (nenre?)  of  Dr  Carpenter:  'natritiTe  eanal'  of  Miiller 
and  Heosinger,  with  the  commencement  of  the  branches  proceeding  from  it. 
e,     EpitbeUom  of  the  radial  furrow. 
f.b.    Fibrillar  band:  'nerve'  of  Lndwig. 

tx.  Tentacular  canal  of  Dr  Carpenter  and  Perrier,  with  a  branch  to  the 
tentacultf  apparatus  on  the  right  side :  the  muscular  band  of  Perrier  is  in  the 
Tentrid  wall  of  this  canaL 

X.    Pigmented  cellular  thickening  of  its  floor, 
s.t.c.    Single  subtentacular  canal  of  Dr  Carpenter :  'tentacular  canal '  of  Miiller 
and  Professor  Semper. 

r.    Bachis  of  the  generatiTe  system  ('nerre*  of  Miillflr)  in  connection  with 
the  left  orary,  ov, 
g.e.    Genital  canal  of  Dr  Carpenter,  in  which  the  raohis  and  ovaries  lie. 
ee.    Coeliac  canal  of  Dr  Carpenter :  'inferior  eanal '  of  Miiller. 
m.    Muscles. 

p.    Tissue  of  Tcntral  perisome. 

KB.  The  curious  saoculi  (Fig.  i.  # .)  which  oeenr  at  the  bases  of  the  respi- 
ratory leaves  in  the  European  Crinoids,  do  not  exist  in  this  species,  in  which 
the  extensions  of  the  ovaries  into  the  soft  parts  of  the  arms  distort  the 
symmetiy  of  these  veiy  considerably. 


upwards  in  the   direction   of  the  respiratory  leaves;  but  I 
am  not  yet  able  to  state  that  there  is  any  connection  be- 
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tween  it  and  the  branches  of  the  tentacular  canal  which  they 
contain. 

The  small  triangular  cavity  (c.  Fig.  i.)  between  the  epithe- 
lium of  the  radial  furrow  and  the  tentacular  canal  in  Antedon 
Eschrichtii,  does  not  appear  to  exist  in  Actinometra  armata; 
at  any  rate  I  have  not  yet  found  it;  but  it  is  remarkably 
distinct  and  relatively  very  large  in  the  arms  of  another  new 
Philippine  species,  Actinometra  nigra  (Semper,  MSS.),  in  which 
its  shape  is  triangular,  with  the  apex  directed  downwards 
towards  the  tentacular  canal,  and  not  upwards  towards  the 
epithelium  as  in  Antedon  Eschrichtii:  in  this  species  too, 
the  subtentacular  canal  is  double,  as  in  the  European  ones. 

In  both  these  Philippine  species,  the  structure  of  the  gene* 
rative  rachis  is  extremely  complicated,  and  by  no  means 
coiTesponds  to  Ludwig*s  description  of  it  in  the  female 
Antedon  Eschrichtii ;  my  sections  however  enable  me  to  con-< 
firm  his  account  as  far  as  the  male  of  this  species  is  concerned. 

It  is  worth  notice  that  the  genital  canal  in  which  the  rachis 
and  genital  glands  lie,  is  in  the  male  Antedon  Eschrichtii 
derived  from  the  subtentacular  canal  of  both  arms  and  pin- 
nules ;  while  in  the  female  Actinometra  armata  a  part  of  the 
coeliac  canal  becomes  separated  off  to  form  the  genital  canal 
in  which  the  ovaries  lie.  Whether  this  is  a  specific  or  merely 
a  sexual  difference,  is  a  point  for  further  investigation.  It 
will  be  seen  that  my  observations  have,  on  the  whole,  com- 
pletely confirmed  those  of  Ludwig,  but  there  is  one  point  in 
which  I  must  differ  from  him  very  considerably.  He  states, 
in  direct  opposition  to  Dr  Carpenter's  views,  that  the  axial 
cord  in  the  centre  of  the  skeleton  of  the  arms  is  not  a  nerve; 
but  does  not  give  us  any  reasons  for  this  assertion,  nor  any 
further  information  about  this  structure.  Yet  there  is  more 
evidence  for  the  nervous  nature  of  this  cord  than  for  that 
of  the  ventral  subepithelial  band,  which  he  and  I  regard  as 
the  homologue  of  the  radial  nerves  of  the  other  Echinoderms  ; 
although  the  possible  existence  of  two  nervous  cords,  a  dorsal 
one,  and  a  ventral  one,  in  the  arms  of  the  Crinoids  seems 
morphologically  somewhat  inexplicable :  into  that  question, 
however,  I  will  not  enter  here. 
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Dr  Carpenter's  views*  as  to  the  nervous  nature  of  this  cord 
are  based  upon  both  physiological  and  anatomical  considera- 
tions :  viz.  (1)  that  stimulation  of  the  central  quinquelocular 
organ  ('heart'  of  Miiller)  contained  in  the  calyx,  with  which 
the  axial  cords  of  the  arms  are  in  connection,  is  followed  by 
sudden  and  simultaneous  flexion  of  all  the  arms,  and  (2)  that 
it  gives  off  pairs  of  branches,  at  the  junction  of  the  segments^ 
which  ramify  upon  the  muscles. 

In  both  Actinometra  armata  and  Actinometra  nigra  this 
cord  increases  considerably  in  size  in  the  centre  of  each  ossicle 
of  the  arms  and  pinnules ;  and  in  this,  the  most  protected  part 
of  each  segment,  it  gives  off  four  main  trunks :  in  the  arms, 
it  also  gives  off  here  the  branches  which  enter  the  pinnules; 
two  of  these  trunks  run  towards  the  ventral  side  and  break 
up  into  numerous  branches,  some  of  which  reach  the  bases 
(in  some  cases  even  the  tips)  of  the  respiratory  leaves.  I  have 
as  yet  been  unable  definitely  to  make  out  their  terminations, 
though  I  have  some  sections  which  seem  to  indicate  that  some 
of  these  branches  become  connected  with  the  ventral  sub- 
epithelial band,  the  nerve  of  Ludwig ;  but  this  is  a  point  re- 
quiring much  further  investigation^  and  upon  which  I  cannot 
by  any  means  speak  with  certainty.  The  two  inferior  or 
dorsal  trunks  run  towards  the  surface  of  the  skeleton,  and 
while  some  of  their  branches  appear  to  enter  into  the  plexus 
of  tissue  forming  its  organic  basis,  others  seem  to  become 
connected  with  epidermic  structures.  In  some  pinnules  of 
Actinometra  armata,  but  not  in  all,  these  branches  enter  into 
connection  with  peculiar  cellular  organs,  of  very  similar  struc- 
ture to  the  groups  of  large  epidermic  cells  described  in  the 
tactile  papillaB  of  the  integument  of  the  Synaptidse,  by  Professor 
Semper*.  I  am  inclined  to  regard  these  organs  also  as  sensory 
in  function;  their  position  upon  the  dorsal  or  most  exposed 
side  of  the  pinnules  certainly  favours  this  hypothesis. 

I  have  found  similar  branches  extending  from  the  axial 
cord  in  Antedon  Eschrichtii,  but  they  are  by  no  means  so 
well  developed  as  they  are  in  the  two  Philippine  species,  and 

1  Proc.  Roy.  Soc,  Jan.  20th,  1876,  pp.  221,  226. 
'  Holothurien,  pp.  28,  29. 
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are  somewhat  difficult  to  distinguish  from  connective  tissue 
fibrils. 

There  are  many  other  points  of  great  interest  in  the 
Anatomy  of  Actinometra  armata^  into  which  I  cannot  enter 
here,  but  I  hope  to  publish  a  detailed  account  of  them  in  the 
third  volume  of  the  "Arbeiten  aus  dem  Zool.  Zoot.  Imtitvi  in 
WilrzburgJ* 

WiJKZBURO,  March  5thy  1876, 


SOME  EFFECTS  OF  UPAS  ANTIAR  ON  THE  FROG'S 
HEART.    By  M.  Foster,  MJ).,  FJLS. 

{From  the  Hiysidogical  Laboratory^  Cambridge.) 

Ik  the  present  paper  I  wish  to  call  attention  to  some  oondu- 
hians  of  general  importail^  which  I  think  may  he  drawn  from 
the  behaviour  of  a  frog's  heart,  poisoned  by  antiar,  nnder  the 
influence  of  a  stimulation  of  the  vagus  nerve.  With  regard  to 
the  general  action  of  antiar  on  the  frog's  heart,  I  have  little  to 
add  to  the  statements  of  previous  writers.  My  observations 
were  made  in  July  last  on  Rana  temporaria^  The  animal  was 
either  pithed  or  curarized,  the  heart  exposed,  and  the  cardiac 
movements  recorded  by  means  of  two  light  levers,  placed 
directly,  one  on  the  ventricle  and  the  9ther  on  the  auricles. 
One  or  two  experiments  were  made  with  endocardial  pressure 
according  to  Coates'  method;  but  all  the  main  results  were 
gained  by  help  of  the  simple  lever,  which,  for  general  purposes, 
is  a  most  useful  instrument  deserving  to  be  used  much  more 
frequently  than  it  is.  The  antiar  was  applied  as  an  aqueous 
solution  of  purified  antiar  extract,  kindly  given  me  by  Dr 
Sharpey. 

The  general  effects  of  the  poison  on  the  heart  were  as  fol- 
lows. After  a  stage,  of  some  uncertain  appearance  and  duration, 
in  which  the  rhythm  was  slightly  quickened,  with  a  slight  increase 
of  each  contraction,  the  beats  became  distinctly  slow  with  a 
tendency  to  become  irregular.  The  systole  of  the  ventricle  was 
markedly  prolonged,  its  peristaltic  nature  very  pronounced,  and 
the  height  to  which  at  each  beat  the  lever  was  raised,  after 
increasing  slightly,  rapidly  diminished.  In  the  diastole  suc- 
ceeding each  systole,  relaxation  of  the  muscular  walls  fell  short 
of  being  complete.  Hence  the  ventricle  became  more  and  more 
permanently  contracted  as  the  action  of  the  poison  continued ; 
and  in  proportion  as  this  sort  of  ''tonic'*  contraction  was  de- 
veloped, the  extent  of  each  rhythmic  contraction  diminished ; 
the  visible  beats  becoming  smaller  and  smaller,  until  at  last  the 
ventricle  lay  apparently  perfectly  motionless,  pale  in  colour  save 
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for  some  irregular  blotches,  and  firmly  contracted  into  a  cone. 
In  this  state  it  passed  into  rigor  mortis. 

This  condition  has  been  spoken  of  as  a  tetanus,  and  it  may 
fairly  be  so  called,  if  it  be  remembered  that  it  is  a  tetanus 
brought  about  by  an  extraordinary  prolongation  of  the  relax- 
ation phase  of  each  contraction,  and  not  by  a  too  rapid  sequence 
of  beats.  During  a  certain  stage  the  negative  variation  of  the 
muscle-current  accompanying  each  contraction  is  very  much 
increased,  and  that  too  at  a  time  when  the  effect  of  the  con- 
traction in  moving  the  lever  has  already  become  markedly  less. 
From  a  few  observations  which  I  made^  I  am  inclined  to  think 
that,  during  this  stage,  the  heat  given  out  at  each  contraction 
is  also  increased;  but  on  this  point  I  am  not  at  present  able  to 
speak  very  decisively. 

As  the  ventricle  becomes  more  and  more  contracted,  the 
blood,  less  and  less  able  to  enter  into  it,  accumulates  in  the 
auricle,  which  thereby  becomes  much  distended.  One  effect  of 
this  is  that  the  systole  of  the  auricle  produces  a  very  large 
excursion  of  the  lever  placed  on  it.  Under  no  other  circum- 
stances have  I  been  able  to  register  with  such  ease  the  auricular 
contractions.  Using  the  lightest  levers  at  my  disposal,  the 
curves  at  the  commencement  of  an  experiment  generally  were : 
for  the  ventricular  lever  a  rise  at  each  systole  of  about  20  to 
30  mm.,  for  the  auricular  lever,  slight  undulations  just  distinct 
enough  to  be  read.  Fifteen  minutes  after  the  application  of  a 
small  dose  of  antiar,  the  ventricular  curv«  had  fallen  to  about 
5  to  10  mm.,  while  the  auricular  curve  bad  gained  the  height 
of  from  20  to  30  mm.  at  each  beat.  The  duration  of  the 
systole  had  by  this  time  become  much  prolonged,  as  well  in 
the  case  of  the  auricle  as  of  the  ventricle. 

So  long  as  the  beats  of  the  ventricle  were  visible,  each  one 
was  preceded  in  a  perfectly  regular  manner  by  a  beat  of  the 
auricle.  In  the  later  stages  of  the  poisoning  the  beats  became 
imfrequent  and  the  times  of  their  recurrence  irregular;  but  so 
long  as  the  ventricle  continued  to  beat  at  all,  the  normal  se- 
quence of  the  ventricular  systole  upon  the  auricular  systole  was 
jnaintained. 

The  ventricular  beats  becoming  feebler  and  feebler,  at  last 
ceased  altogether;  the  auricle,  however,  continued  to  beat  for 
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some  time  longer,  its  beats  ia  turn  beooming  gradually  feebler 
until  they  too  ceased. 

Such  are  the  effects  seen,  when  the  dose  is  of  such  a  strength 
as  to  bring  the  heart  to  a  standstill  in  from  half  an  hour  to  an 
hour,  and  may,  I  think,  be  taken  as  fairly  characteristic  of  the 
action  of  the  drug. 

The  facts  all  support  the  view  of  previous  observers,  that 
antiar  is  essentially  a  muscular  poison,  and  produces  its  effects 
chiefly  at  least  by  interfering  with  the  functions  of  the  muscular 
tissue  of  the  heart.  The  maintenance  of  the  pormal  co-ordina* 
tion  between  auricle  and  ventricle  directly  negatives  any  laige 
interference  with  the  nervous  cardiac  mechanisms;  in  fact, 
nothing  can  be  more  striking  than  the  way  in  which  the  ven- 
tricle attempts  to  follow  up  each  auricular  systole  as  long  as  it 
can  possibly  do  so. 

Schmiedeberg^  has  made  the  very  interesting  observation, 
that  in  poisoning  by  antiar,  digitalin  and  the  other  drugs  which 
produce  the  same  peculiar  contracted  state  of  the  ventricle,  the 
beats  even  after  they  have  ceased  may  be  restored  by  a  forcible 
dilatation  of  the  ventricle,  thus  indicating  that  the  standstiU 
produced  by  the  drug  is  caused  by  the  failure  of  the  post-sys- 
tolic relaxation,  and  hence  presumably  is  brought  about  by  the 
poison  affecting  the  elastic  qualities  of  the  cardiac  tissue. 

I  have  repeated  Scbmiedeberg's  results  with  success;  but 
found,  as  apparently  he  also  did,  that  the  restoration  was  tempo- 
rary and  brief,  and,  moreover,  could  only  be  brought  about  at  a 
particular  phase,  t.  e,  very  soon  after  the  ventricle  had  ceased  to 
beat.  When  the  distension  was  deferred  too  long,  the  result 
was  always  a  failure.  Evidently  the  lethal  action  of  the  drug 
is  of  a  deeper  kind  than  a  simple  interference  with  the  elastic 
qualities  of  the  cardiac  muscle. 

I  was  less  successful  in  repeating  Neufeld's*  observation, 
that  the  beats  can  be  restored  by  the  application  of  potassium 
cyanide  (with  the  view  of  producing  relaxation).  Using  solu- 
tions of  the  strength  applied  by  him,  and  also  of  other 
strengths,  I  never  succeeded  in  obtaining  a  definite  relaxation 
of  the  contracted  ventricle.    Frequently  at  a  particular  stage, 

^  Beitr&pe  gur  Anat.  u,  Phys.  alt  Fettgdbe  Carl  Ludwig  gevndmet,  p.  ooxzii. 
*  Studieh  Phif$,  Iiutit  Breilau,  ni.,  p.  97. 
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a  few  drops  of  a  strong  solution  (10  p.  c.)  poured  near  the 
heart  produced  a  few  feeble  beats;  but  these  seemed  to  me 
to  be  caused  by  the  direct  chemical  stimulation  of  the  cardiac 
muscle,  and  to  be  the  cardiac  representatives  of  the  fibrillar 
contractions  observable  in  striated  muscle  when  the  same  solu- 
tion was  applied  directly  to  it. 

The  point  to  which  I  wish  to  draw  particular  attention 
is  the  behaviour  of  the  antiarized  heart  when  the  vagus  is 
stimulated. 

Exp.  1.  A  frog  was  pithed,  the  heart  laid  bare,  the  lever 
placed  on  the  ventricle,  and  a  record  of  the  cardiac  rhythm  taken. 
The  excursions  of  the  point  of  the  lever  on  the  recording  surfaoe  were 
about  20mm.  in  height  at  each  ventricular  systole.  The  right  vagus* 
was  laid  bare,  and  a  satis&ctory  inhibition  obtained  with  Du  Boia 
Reymond's  machine  with  the  secondaiy  coil  at  10  and  one  DanielFs 
cell.  A  small  dose  of  antiar  (two  drops  of  a  *25  p.  c.  of  an  aqueous 
solution  of  the  extract)  was  given.  In  a  short  time  the  veDtricular 
systole  was  so  reduced  that  the  recording  line  was  simply  marked 
with  hardly  visible  irregularities.  The  vagus  was  stimulated  (1 
Daniell,  coil  at  10)  for  nine  seconds.  During  the  stimulation  the 
ventricle  became  perfectly  quiescent :  it  remained  so  for  the  next 
eleven  seconds.  Then  came  a  beat,  the  lever  rising  5  mm.,  followed 
by  a  second  of  20  mm.,  and  a  third  of  30  mm.,  succeeded  by  a  series 
of  about  fifty  beats,  the  whole  taking  up  about  a  minute,  and  the 
individual  beats  raising  the  lever  point  about  30  mm.,  except  towards 
the  end  of  the  period,  when  they  gradually  hecame  less  and  at  the 
same  time  irregular.  The  ventricle  then  became  and  continued  per- 
fectly quiescent. 

Exp.  2.  Prog  pithed.  Vagus  proved  to  be  inhibitory  (1  D., 
coil  at  10),  and  antiar  given.  When  the  movements  of  the  ventri- 
cular lever  had  fiillen  to  5  mm.,  the  interrupted  current  (ID.,  coil  at 
10)  was  sent  through  the  vagas  for  10  seconds.  During  the  first  half 
of  this  period  there  were  two  slight  beats  each  of  about  2  mm.,  diuin^s^ 
the  second  half  three  beats  of  14,  18,  22  mm.  respectively,  followed 
on  the  breaking  of  the  current  hy  heats  rapidly  rising  to  70  mm., 
and  hecoming  very  rapid,  but  subsequently  diminishing  both  in  extent 
and  frequency. 

Exp.  3.  Frog  pithed.  Vagus  proved  to  be  inhibitory.  Antiar 
given.  When  all  visible  contractions  of  the  ventricle  had  ceased, 
the  vagus  was  stimulated  for  a  few  seconds.  During  the  passage 
of  the  current  and  for  some  few  seconds  afterwards  no  change  in  the 

^  The  right  was  perhaps  most  generally  hut  not  exdasiyely  nsed,  and  no 
marked  dxffereaoe  hetween  the  right  and  left  was  noticed. 
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ventricle  waa  seen.  I  looked  for,  but  could  not  see  any  signs  of 
relaxation.  (The  condition  of  the  auricle  was  not  recorded  in  this 
case,  but  in  somewhat  similar  cases,  the  auricle,  still  beating  spon- 
taneously while  the  ventricle  had  become  perfectly  quiescent,  was 
inhibited  by  the  stimulation  of  the  vagus.)  After  the  lapse  of  a  few 
seconds,  however,  the  ventricle  began  to  beat,  and  gave  for  some 
little  time  a  series  of  vigorous  beats,  gradually  but  rapidly  increasing 
in  strength  and  rapidity,  remaining  at  a  maximum  for  a  while  and 
then  gradually  fading  away. 

Thus,  under  the  influence  of  antiar,  the  vagus  still  retains 
its  inhibitory  function,  though  in  the  range  of  several  observa* 
tions  it  was  seen  that  the  more  profound  the  action  of  the  drug, 
the  less  easily  was  inhibition  obtained.  There  is  nothing  special, 
however,  to  antiar  in  this,  because  inhibition  is  always  more 
difficult  in  a  slowly  beating  heart  than  in  one  beating  with 
a  frequent  rhythm.  The  peculiarity  of  the  antiarized  heart 
is  that  the  inhibitory  phase  is  followed  by  an  augmentative 
phase,  in  which  the  beats  become  much  more  rapid,  and 
especially  much  more  forcible,  than  the  beats  ^hich  are  proper 
to  the  heart  at  that  stage  of  the  poisoning.  They  may  even 
become  more  vigorous  than  the  normal  beats  of  the  unpoisoned 
heart.  The  augmentative  phase  may  succeed  the  inhibitory 
phase  while  the  current  is  still  passing  through  the  vagus,  or 
may  not  set  in  till  some  time  after  the  current  has  been  shut 
off.  As,  with  the  increasing  influence  of  the  poison,  the 
inhibitory  phase  sinks  into  the  background,  the  augmentative 
phase  becomes  more  and  more  pronounced  until  at  least  the 
strange  state  of  things  is  reached  in  which,  the  inhibitory 
phase  being  impossible  on  account  of  the  spontaneous  beat 
having  previously  ceased,  the  sole  effect  of  stimulation  of  the 
vagus  is  to  produce  a  prolonged  series  of  vigorous  beats. 

In  all  the  above  observations  I  took  great  care  to  avoid 
escape  of  the  current  on  to  the  heart  itself ;  and  from  a  fact 
which  I  shall  mention  directly,  such  an  escape  cannot  be 
considered  as  in  any  way  explanatory  of  the  results. 

I  suppose  most  physiologists,  in  reading  the  above,  will 
at  once  see  a  ready  explanation  of  the  results.  "  In  the  vagus 
of  the  frog  we  have  accelerator  and  inhibitory  fibres.  Antiar 
slowly  and  gradually  paralyses  the  inhibitory  fibres,  but  leaves 
intact,  or  rather  exalts,  the  accelerator  fibres.''     The  question 
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of  there  being  accelerator  as  well  as  inhibitory  fibres  in  the 
vagus  generally  was  I  believe  first  mooted  (but  decided  in  the 
negative)  by  Rutherford*.  Their  existence  has  been  power- 
fully urged  by  Schmiedeberg",  and  illustrated  by  the  action  of 
nicotine.  Most  subsequent  writers  have  admitted  their  exist- 
ence, and  quite  recently  Boehm*,  reviving  an  old  observation 
of  Wundt's^  finds  that  in  a  particular  stage  of  curari  poisoning 
stimulation  of  the  vagus  in  the  mammal  brings  about  distinct 
acceleration. 

I  feel,  however,  great  difficulty  in  accepting  this  explana- 
tion, for  the  following  reasons. 

1.  When  atropin  is  given,  previous  to  the  antiar,  in  suf- 
ficient dose  to  prevent  the  ordinary  inhibitory  action  of  the 
vagus,  the  curious  augmentative  effects  which  I  have  described 
are  also  absent  In  other  words,  the  inhibitory  and  augmenta- 
tive effects  are  closely  correlated.  Now  atropin  is  one  of  the 
drugs  which  are  said  to  disclose  by  their  action  the  existence 
of  the  accelerator  fibres. 

The  absence  of  the  effects  under  atropin  also  di^oses  of 
the  explanation  that  the  results  are  in  any  way  due  to  escape 
of  the  current ;  they  are  indubitably  caused  by  some  form  of 
activity  of  the  vagus. 

2.  A  somewhat  similar  augmentation  is  seen  as  an  ajier 
effect  of  the  application  of  the  constant  current  to  an  antiarized 
frog's  heart. 

3.  The  augmentative  effects  I  have  described  are  merely 
an  exaggerated  form  of  that  "  reaction  "  which  is  always  seen 
in  a  more  or  less  pronounced  degree  after  stimulation  of  the 
vagus.  I  mean  the  reaction  which  may  be  witnessed  in  a 
bloodless  heart  separated  from  the  body,  and  which,  therefore, 
cannot  be  explained  by  an  increased  tension  of  the  cavities 
due  to  the  larger  quantity  of  blood  pouring  in  from  the  veins 
during  the  standstill.  If  the  vagus  be  stimulated  at  intervals 
from  the  very  commencement  to  the  end  of  the  antiar  poison- 
ing, the  perfectly  gradual  way  in  which  the  normal  "reaction" 
shifts  into  the  marked  "  augmentative  effects,"  is  very  clearly 

'  This  Journal,  Vol.  ni.  p.  408. 

•  Arbeiten  Phya.  Anst,  Leipzig,  1870,  p.  41. 
'  Archiv  f.  Exp.  PatK  und  Pharm.,  iv.  851. 

*  Verhand,  Natur.  hut.  Vereint,  Heidelberg,  1860,  quoted  by  Eutherford. 
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seen.  Of  couroe  I  am  aware  that  this  very  ''reaction"  is 
claimed  aa  an  effect  of  "accelerator''  fibres;  but  this  I  am 
unwilling  to  admit,  for  the  reason,  that  precisely  the  same 
reaction  may  be  seen  in  its  most  exquisite  form,  when  the 
snail's  heart  is  inhibited  by  the  direct  application  of  the  inter- 
rupted current\  And  one  can  hardly  be  expected  to  add 
accelerator  nerve  fibres  to  the  hypothetical  structures  which 
have  yet  to  be  discovered  in  that  organ.  The  so-called  reaction 
is  really  a  reaction,  is  a  veritable  part  of  the  entire  influence  of 
the  excited  vagus  over  the  heart. 

4.  Boehm^  has  with  great  force  called  attention  to  the 
remarkable  similarity  between  the  augmentative  effects  of  stimu- 
lating the  (mammalian)  vagus  under  certain  conditions,  and  the 
ordinary  results  of  stimulating  the  special  cardiac  accelerator 
nerves.  Now  it  must^  I  think,  have  occurred  to  every  one, 
that  the  very  peculiar  features^  of  these  accelerator  nerves, 
their  enormous  latent  period,  their  apparent  inexhaustibility, 
and  the  impossibility  of  stimulating  them  otherwise  .than  by 
galvanic  cuiTents  (mechanical  and  chemical  stimulation  seem- 
ing to  have  no  effect),  all  point  to  the  conclusion,  that  the 
actions  which  are  set  up  by  stimulating  those  nerves  are  of  a 
very  peculiar  kind,  and  cannot  be  satisfactorily  appealed  to 
as  explanatory  of  similar  results  occurring  elsewhere.  The 
difficulty  one  falls  into  by  assuming  the  presence  of  these 
accelerator  fibres  is  well  shown  by  a  remark  of  Boehm's\  In 
pointing  out  that  it  is  only  a  particular  phase  of  curari 
poisoning  in  which  the  accelerator  effects  come  out,  since  a 
too  large  dose  destroys  them  as  well  as  the  inhibitory  effects, 
he  goes  on  to  say,  that  at  a  stage  when  the  accelerator  effects 
have  ceased,  "  the  irritability  of  the  accelerator  fibres  can  be 
instantly  restored  by  injecting  afresh  a  small  ('OOo— *01  grm.) 
dose  of  curari."  Certainly  the  accelerator  fibres  are  the  only 
nerve  fibres  whose  irritability  is  at  once  destroyed  and  restored 
by  curari. 

5.  Lastly,  I  would  point  out  that  in  my  results,  in  whigh 

'  See  Foster  and  Dew-Smith,  Proc,  Boy,  Soc,  ran.  p.  318. 

*  Loc,  ciL  p.  864. 

«  Schmiedeberg,  Arbrit.  Phys.  Arut.  Leipzig,  1871,  p.  34.    Bowditch,  ibid, 
1872,  p.  259.    Boehm,  Archivf.  Exp.  Path,  und  Pharm,  iv.  255.        . 

*  Loc,  cit.  p.  366. 
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I  have  taken  care  to  record  not  only  the  frequency  but  the 
strength  of  the  beats,  the  augmentation  bears  quite  as  much, 
at  least,  on  the  strength  as  on  the  frequency  of  the  beats; 
hence  the  augmentation  in  antiar  poisoning  is  so  far  distinct 
from  the  acceleration  gained  by  stimulation  of  the  mammalian 
accelerator  nerves,  in  which  the  strokes  while  more  rapid  are 
less  powerfuL 

These  several  facts  appear  to  me  valid  teasons  for  refasing 
to  call  in,  in  this  case,  the  assistance  of  any  DeuB  ex  maehina,  in 
the  shape  of  specific  accelerator  fibres. 

On  the  other  hand,  there  seems  to  be,  if  not  a  solution^ 
at  least  an  opening  towards  a  solution,  if  it  be  admitted,  on 
the  one  hand,  that  the  augmentative  effect  is  an  exaggerated 
reaction  after  inhibition,  and  on  the  other»  that  the  muscular 
tissue  of  the  heart  is  affected  during  inhibition,  its  quiescence, 
or  slowness  of  beat,  then  manifestedi  being  essentially  due  to 
changes  in  itself  (in  whatever  way  brou^t  about),  and  not 
simply  to  its  ceasing  to  receive  impulses  from  the  automatic 
ganglia. 

Whatever  idea  we  may  form  of  inhibition  in  spontaneously 
active  tissue,  whether  simply  muscular,  or  nervous,  or  neuro- 
muscular, it  seems  only  natural  that  the  inhibition  of  the 
natural  movement  should  be  followed  by  a  rebound.  The  or- 
dinary theory  by  which  a  rhythmic  effect  is  supposed  to  origi- 
nate from  two  opposing  forces,  is  based  on  the  supposition  of 
such  a  rebound  occurring,  and  recurring.  Nor  is  there  any 
insurmountable  difficulty  in  supposing  that  the  rebound  may, 
under  certain  circumstances,  exceed  the  direct  action,  so  that 
a  case  may  occur,  like  that  of  Exp.  3,  in  which  the  inhibition 
was  unable  to  manifest  itself  (the  absence  of  visible  contrac- 
tions certainly  not  excluding  the  possibility  of  changes  taking 
place  in  the  direction  of  inhibition,  i,  e.  changes  which  would 
be  inhibitory  if  the  heart  were  beating),  and  yet  a  well-marked 
augmentation  occurred  \ 

The  suggestion  that  the  stimulation  of  the  vagus  produces 
changes  in  the  muscular  tissue  of  the  heart,  may  appear  to 
many  physiologists  a  return  to  an  exploded  view ;  but  I  hope 

1  Does  not  the  so-caUed  **law  of  ezeroise"  xneaii  that  yital  reaction  is, 
within  limits,  greater  and  opposite  ? 
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fihortly  to  be  able  to  bring  forward  some  &ct8  which  seem 
to  me  clearly  to  prove  that  the  muscular  mass  of  the  frog's 
ventricle  is  affected  daring  inhibition,  in  addition  to  whatever 
changes  may  be  going  on  in  the  ganglia. 

If  this  be  admitted,  then  it  becomes  intelligible  why  these 
peculiar  augmentative  effects  should  be  so  pronounced  in  the 
action  of  a  poison  so  essentially  a  muscular  poison  as  is  antiar; 
and  it  follows,  that  the  explanatioD  of  the  augmentative  effects 
are  to  be  sought  for  in  the  changes  produced  by  the  drug  in  the 
muscular  tissue  of  the  heart.  What  those  changes  are,  I  cannot 
at  present  with  any  distinctness  say ;  but  it  is  extremely  pro- 
bable that  th^  are  the  eause  at  once  both  of  the  characteristic 
antiar  beat^  and  of  the  peculiar  augmentative  phenomena. 

As  a  curious,  fact  I  may  mention,  that  (in  July)  I  found 
toads  enjoying  a  perfect  immunity  against  antiar.  In  not 
one  of  six  toads  which  I  tried  did  I  get  any  satisfiictory  action 
on  the  heatt;  and  to  one  toad  I  gave,  without  any  effect, 
several  cubic  centimetres  of  a  solution,  two  drops  of  which  killed 
a  frog  in  a  veiy  short  time.  Schmiedeberg^  has  already  pointed 
out  a  difference  in  their  behaviour  towards  digitalin  between 
Bana  temporaria  and  esculenta. 

^  hoc.  dt,.  p.  cezziT. 


VARIATIONS  IN  THE  ARRANGEMENT  OF  THE  EX- 
TENSOR MUSCLES  OP  THE  FORE-ARM.  By  John 
CuRNOW,  M.D.,  Professor  of  Anatomy  in  King^a  College^  London, 

(PI.  XXVIII.) 

The  following  observations  are  taken  from  my  notes  and  drawings  of 
the  arrangement  of  these  muscles  in  84  sabjects,  which  have  been 
dissected  at  King's  College  during  the  years  1873 — 4  and  1874 — 5. 
Many  of  the  varieties  have  been  before  observed,  but  some  interesting 
forms  have  not  hitherto  been  recorded. 

1.  Extensor  ossis  metacarpi  poUicis.  A  single  tendon  to  this 
muscle  is  of  very  exceptional  occurrence.  The  tendon  is  usually 
double,  both  being  inserted  side  by  side  into  the  base  of  the  first 
metacarpal,  or  one  into  this  bone,  and  the  other  into  the  trapezium. 
The  attachment  to  the  trapezium  is  so  constant  in  the  anthropoid 
Apes,  that  it  is  most  important  to  ascertain  its  relative  frequency  in 
Man.  Flower  and  Murie  say  that  it  is  the  rule  rather  than  the 
exception,  whilst  Macalister  estimates  ii»  occurrence  as  only  once  in 
every  twelve  subjects.  In  twenty-one  bodies  Wood  (Froc,  Roy,  Soc, 
1868,  p.  511)  found  the  supernumerary  tendon  attached  to  the  trape-* 
2dum  twice  as  often  as  to  the  metacarpal  bone;  but  in  my  own 
observations  this  only  occurred  in  the  proportion  of  four  to  five. 
Occasionally  the  second  tendon  had  no  bony  attachment,  but  gave 
origin  to  all  or  part  of  the  muscular  fibres  of  the  short  abductor 
poUicis,  or  to  the  lower  fibres  of  the  opponens  pollicis.  This  connec- 
tion with  the  short  muscles  of  the  thumb  was  however  of  much  more 
frequent  occurrence  when  the  tendon  of  the  extensor  oasis  metacarpi 
was  still  further  subdivided.  Triple  tendons  were  by  no  means 
uncommon.  When  these  existed,  two  were  usually  inserted  into  the 
metacarpal,  and  one  into  the  trapezium,  or  the  third  tendon  joined 
the  short  abductor  or  the  opponens  pollicis.  An  insertion  into  the 
metacarpal,  the  trapezium,  and  the  short  muscles  of  the  thumb,  was 
less  frequently  noted.  In  two  cases  the  third  tendon  took  the  place 
of  the  extensor  primi  intemodiiy  and  in  two  others  it  joined  the 
tendon  of  this  muscle.  In  one  specimen  the  tendon  was  quadruple ; 
the  outermost  division  giving  partial  origin  to  the  abductor,  the 
second  and  third  passing  to  the  metacarpal,  and  the  innermost  fusing 
with  the  extensor  primi  intemodii  at  its  insertion  (Fig.  1).  As 
differentiation  of  this  muscle  is  aa  evidenee  of  elevation  of  type,  it  is 
interesting  to  notice  that  it  had  no  attadiment  to  the  trapezium — the 
animal  arrangement,  but  formed  an  additional  extensor  primi  inter- 
nodii — an  exclusively  human  muscle.  I  have  occasionally  seen  the 
jnuscle  double  throughout,  and  in  one  example  it  was  distinctly 
triple.  One  portion  was  inserted  into  the  trapezium,  another  into 
the  metacarpal  bone,  and  the  third  also  into  the  metacarpal  beneath 
the  origin  of  the  opponens  poUiciB,  to  which  it  was  slightly  attached. 
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'2.  Extensor  primi  int&modii  poUicis.  The  oomnion  yariations  in 
this  muscle  are  caused  either  by  deficiency,  or  by  more  or  less  fusion 
with  the  other  long  muscles  of  the  thumb.  Excess  in  its  develop- 
ment is  rai*e,  but  it  occasionally  gives  slips  to  the  first  metacarpal 
base,  or  to  the  radial  side  of  the  ungual  phalanx.  Yery  rarely  offsets 
are  given  to  both.  In  the  right  fore-arm  of  a  muscular  male  I  found 
an  additional  thumb-muscle  attached  to  the  proximal  phalanx.  It 
arose  from  the  ulna  below  the  origin  of  the  extensor  secundi  intemo- 
dii  poUicis,  and  passing  through  the  so/me  groove  as  that  muscle,  was 
inserted  into  the  base  of  the  first  phalanx,  just  internal  to  tiie  ordi- 
nary extensor.  The  extra  muscle  was  quite  as  large  as  the  normal 
one,  which  was  also  well  developed  (Fig.  2).  I  can  find  no  record  of 
a  similar  variation.  As  an  extensor  primi  intemodii  is  only  found 
in  Man,  I  carefully  noted  the  other  peculiarities  which  were  present 
with  this  double  extensor.  They  were  (a)  a  triple  tendon  to  the 
extensor  oasis  metacarpi,  not  attached  to  the  trapezium,  but  to  the 
metacarpal  bcme  and  to  the  abductor  pollicis  brevis ;  (P)  cross-slips 
between  the  radial  extensors ;  (y)  a  double  extensor  minimi  digiti ; 
and  (S)  a  rudimentary  extensor  brevis  digitorum  man^  passing  fhnn 
the  radius  and  posterior  carpal  ligaments  to  the  ulnar  side  of  the 
special  indicator  tendon.  The  co-existence  of  this  common  reptilian 
muscle,  which  only  survives  in  a  few  anomalous  mamnials  of  the 
order  Edentata,  with  an  extra  extensor  primi  intemodii,  seems  to  me 
especially  noteworthy  and  very  difficult  of  explanation. 

3.  JExtensor  secundi  mternodii  polUcie.  Duplicity  of  the  mtiscu* 
lar  belly  as  well  as  of  the  tendon  was  often  noticed.  In  two  cases 
additional  muscles  were  present.  In  the  first  of  these,  a  fleshy  fiusci- 
culus  from,  the  radial  side  of  the  common  extenscM*  of  the  fingers, 
became  tendinous  on  the  back  of  the  radius,  and  passed  through  the 
oblique  groove  to  join  the  normal  extensor  secundi  on  the  metacarpal 
bone^  In  the  second  example,  in  addition  to  the  normal  muscle, 
another  fleshy  belly  of  nearly  equal  size  arose  from  the  ulna  and  the 
interosseous  membrane  between  the  extensor  secundi  and  the  exten^ 
sor  indicis.  The  tendon  passed  l^rough  the  common  extensor  groove, 
and  was  inserted  into  the  ungual  phalanx  of  the  thumb  by  a  separate 
attachment  internal  to  the  usual  muscle.  This  form  must  be  very 
rare.  An  abortive  example  is  mentioned  in  Giby's  liospitai  Reports^ 
1869,  p.  441,  and  a  perfect  specimen  with  similar  attachments,  but 
running  with  the  normal  extensor  secundi,  is  described  by  Bradley  as 
having  occurred  on  both  sides  {Journal  Anat,  and  Phys,  Tol.  vi. 
p.  421). 

4.  Extensor  indicuf,  I  occasionally  observed  a  double  museular 
belly,  and  i^itting  of  the  tendon  was  very  frequent.  In  one  subject 
the  muscle  was  absent  on  the  left  side  only,  as  has  been  described  by 
Cheselden,  Moser,  and  Macalister.  The  common  extensor  tendon  to 
this  finger  was  single,  although  those  for  the  middle  and  ring  fingers 
were  split  into  two.    In  the  right  fore-ann  of  another  subject  a  re- 

*  Compaite  W.  Grnber,  Ueber  den  Mnseulns  extensor,  u.  s.  w.,  JtexcherCt 
Archiv^  1875,  No.  ),  p.  204. 
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markable  subdivision,  previously  unrecorded,  was  present.  A  muscle 
of  ihe  usual  size  and  in  the  normal  position  of  the  extensor  indicis 
divided  into  three  tendons,  of  which  the  most  external  joined  the 
extensor  secundi  intemodii  at  its  insertion,  the  middle  occupied  the 
place  of  the  normal  indicator,  and  the  most  internal  formed  a  part  of 
the  extensor  aponeurosis  of  ihe  middle  finger  (Fig.  3).  The  common 
extensor  tendon  to  the  index  finger  was  double.  lu  the  Hedgehog 
"  a  single  muscle  takes  the  place  of  the  extensor  secuDdi  intemodii 
pollicis  and  extensor  indicis,  and  sends  a  third  tendon  to  the  middle 
digit "  (Huxlej,  Anat.  of  Vert,  Afdmals,  p.  446).  In  the  Kangaroo 
a  single  muscle  also  divides  into  three  tendons  for  the  first,  second, 
and  third  digits,  and  even  a  more  complete  counterpiurt  of  the  above 
anomaly  is  found  in  Manis,  where  not  only  does  the  representative  of 
the  extensor  indicis  arise  from  the  ulna  and  give  tendons  to  the  ter- 
minal phalanges  of  the  first,  second,  and  third  digits,  but  a  slip  of  the 
extensor  pollicis  primus  passes  to  the  terminal  phalanx  of  that  digits 
also  forming  an  extensor  secundi  intemodii  polliois  (Humphry,  Jotmu 
Ana$»  and  Phys,  YoL  iv.  pp.  48,  49).  The  other  sHps  which  were 
fouud  in  connection  with  the  tendon  of  the  extensor  indicis  were 
examples  of  the  extensor  brevis  digitorum  mani^. 

5.  Extensor  madU  digiH,  The  examples  of  this  muscle  were 
either  differentiations  of  the  preceding — in  one  case  with  a  double 
tendon — or  they  were  deiived  from  an  extensor  brevis  digitorum 
manibi. 

6.  Exkntor  quarti  digiti  f)d  annularis.  The  examples  of  this 
muscle  were  derived  from  the  extensor  of  the  fifth  digit  or  from  a 
short  extensor  of  the  fingers,  except  in  one  case  where  a  distinct 
muscle  existed,  which  I  have  described  in  this  Journal  (Vol.  vu. 
p.  307 »). 

7.  Extensor  minimi  digitL  Splitting  of  the  tendon  and  oocasion- 
ally  <^  the  muscle  was  frequently  noticed,  and  in  many  cases  the 
tendon  divided  for  the  little  and  ring  fingers.  In  one  subjeet  there 
were  three  tendons  to  the  fifth  digit,  all  derived  from  this  muscle,  and 
in  another  four  tendons  were  found,  of  which  one  only  came  from  the 
common  extensor. 

8.  Extensor  eommtmis  digitorwn.  Varying  degrees  of  com- 
plexity  in  the  arrangement  of  this  muscle  were  often  met  with.  The 
simplest  forms  were  extra  tendons  to  the  second,  third,  or  fourth 
fingers,  either  singly  or  in  combination.  In  addition,  three  rarer 
forms  were  observed,  and  with  each  of  these  numerous  other  peculia- 
rities were  present.  In  the  first  case,  besides  the  normal  tendons  to 
the  ring  and  little  fingers,  an  additional  tendon  was  attached  to  the 
vinculum  between  them,  whilst  on  the  tendon  to  the  little  finger  a 
small  fusiform  muscle  was  developed.  It  had  no  attadiment  what- 
ever to  the  radius,  carpus,  or  metac^trpus.  In  this  fore-arm  I  found 
a  double  extensor  minimi  digiti,  an  extra  abductor  of  the  same  finger, 
the  quadruple  extensor  osais  metacarpi  pollieis»  a  double  insertion  to 

^  Cuyier  and  LauriUard  (PI.  261)  figure  a  long  annularis,  distinet  from  the 
extensor  nunimi  digiti  in  ihe  Tamandna. 
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the  third  lumbricalis,  and  a  remarkable  anterior  prolongation  of  th6 
tendon  of  the  extensor  carpi  tdnaiis  (q.  ▼.).  In  the  second  specimen 
the  common  extensor  divided  into  six  tendons,  of  which  the  first 
passed  to  the  index  finger,  the  second  and  third  to  the  middle  finger, 
both  the  fourth  and  fifth  divided  for  the  middle  and  ring  fingers, 
whilst  the  sixth  went  to  the  little  finger  only,  and  there  joined 
a  doable  tendon  from  the  special  extensor,  to  which  it  was  attached 
by  a  broad  vinculum.  There  were  thus  four  distinct  tendinous  slips 
on  the  dorsum  of  the  middle  digit.  In  this  fore-arm  there  were  also 
an  extensor  carpi  radialis  acceasorius,  anomalies  of  the  radial  exten- 
sors, the  supinator  longus,  and  the  extensor  ossis  metacarpi  poUicis. 
In  a  third  case  there  were  eight  tendons  from  the  common  extensor 
muscle.  Besides  the  normal  tendons,  additional  ones  passed  to  the 
middle  and  ring  fingers,  and  to  a  vinculum  between  them  but  acting 
on  both,  as  well  as  to  a  vinculum  between  the  index  and  middle 
fingers,  but  acting  on  the  latter  only.  A  double  extensor  minimi 
digiti,  an  ulnaris  quinti,  and  a  single  special  indicator,  made  twelve 
tendons  to  the  inner  four  digits,  and  with  the  exception  of  the  radial 
tendon  to  the  index  finger  they  were  intimately  bound  together  by 
vincula.  The  extensor  pidmi  intemodii  pollicis  was  single,  but  the 
extensor  ossis  metacarpi  and  the  extensor  secundi  intemodii  had 
double  tendons,  making  altogether  seventeen  extensor  tendons  to  the 
digits.  This  is  the  most  complete  differentiation  of  these  tendons 
that  I  have  met  with.  RUdinger  is  quoted  by  Macalister  as  having 
found  eleven  tendons  to  the  inner  fingers,  but  the  musdes  of  the 
thumb  are  not  mentioned.  Perrin  (Med.  Times  and  GaaeUe,  1873, 
p.  597)  saw  eleven  tendons  to  these  digits  and  five  to  the  thumb, 
whilst  in  one  sobject,  No.  7,  "Wood  (Proc.  Roy,  Soc,,  1868)  describes 
twelve  tendons  to  the  fingers  and  six  to  the  thumb.  The  other 
peculiarities  in  this  arm  were  a  slip  from  the  flexor  carpi  ulnaris  to 
the  fascia,  a  complex  abductor  pollicis,  and  a  fusion  of  the  deltoid 
with  the  pectonJis  major.  On  the  opposite  side  some  slight  anomalies 
were  met  with,  but  they  did  not  affect  the  common  extensor. 

9.  Extensor  brevis  digitorum  manHs,  Several  examples  of  this 
interesting  muscle  occurred,  but  they  were  all  familiar  varieties, 
taking  origin  from  the  radius,  carpus,  or  metacarpus,  and  joining  the 
aponeurosis  of  the  index,  middle,  or  ring  fingers. 

10.  Edctensor  ea/irpi  radialis  longior,  A  very  large  number  of 
variations  of  this  muscle  were  noted.  In  many  cases  the  tendon  was 
simply  cleft  into  two,  which  were  inserted  side  by  side  into  the  base 
of  the  index-metacarpal.  In  a  very  few  examples  perfect  cleavage  of 
the  muscle  as  well  as  of  the  tendon  was  found.  In  one  case  the 
insertion  was  triple,  viz.  into  both  sides  of  the  base  of  the  index- 
metacarpal,  and  into  the  tdnar  side  of  the  middle  metacarpal,  and 
this  tendon  passed  under  a  normal  short  radial  extensor.  In  three 
cases  fusion  of  the  bellies  of  the  radial  extensors  occurred,  giving  rise 
in  two  instances  to  the  ordinary  long  and  short  tendons,  whilst  in 
the  third  both  tendons  were  bifurcated  at  their  insertions. 

11.  Extensor  carpi  radialis  brevier.  Besides  the  fusion  above 
mentioned,  examples  of  a  double  insertion,  either  side  by.  side  into 
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tbe  nxiddle  metacarpal,  or  into  it  and  the  ulnar  side  of  the  base  of 
the  iudex-metaoarpai,  were  frequently  noticed.  Macalister  has  re- 
corded the  absence  of  this  muscle,  and  quotes  Salzmann  as  having 
mentioned  a  similar  example,  but  the  latter  evidently  refers  to  the 
flexor  carpi  radialis  (^'radieeum  internum  omnino  defuisse").  I  have 
never  seen  less  than  two  radial  extensor  tendons  of  the  carpus,  how- 
ever intimately  joined  the  muscular  bellies  may  have  been. 

12.  Extensor  carpi  radialis  intermeditis  (Wood).  The  simplest 
and  most  common  form  of  this  anomaly  was  by  means  of  a  slip — 
generally  tendinous,  but  occasionally  with  a  few  fleshy  fibres — from 
the  extensor  carpi  radialis  longior  to  the  brevior  or  to  the  radial 
tendon  of  a  cleft  brevior.  In  other  cases  cross-slips  existed  between 
the  tendons,  whilst  in  one  instance  these  slips  instead  of  joining  the 
tendons  were  inserted  into  the  metacarpal  bones,  so  that  the  index- 
metacarpal  received  the  t^idon  of  the  longior  and  a  slip  from  the 
brevior,  and  the  middle  metacarpal  the  tendon  of  the  brevior  and  a 
slip  from  the  longior.  In  one  fore-arm  a  typical  third  or  intermediate 
extensor  was  formed  by  the  fusion  of  two  large  muscular  bellies 
derived  from  the  normal  extensors,  as  described  by  me  in  this  Journal^ 
Vol.  VII.  p.  306.  In  another  case  the  intermediate  extensor  arose 
from  the  humerus  between  the  supinator  longus  and  the  normal  long 
radial  extensor,  and  crossed  the  latter  muscle  to  be  inserted  into  the 
middle  metacarpal  on  the  radial  side  of  the  tendon  of  the  short 
extensor.  The  converse  arrangement  was  also  seen.  A  large  muscle 
took  origin  from  the  external  condyle  between  the  extensor  carpi 
radialis  brevior  and  the  extensor  communis,  and  crossed  the  former  to 
gain  the  ulnar  side  of  the  index-metacarpal.  A  stUl  more  interesting 
case  of  complexity  occurred  in  the  left  arm  of  a  male  subject  The 
radial  extensors  were  fused  into  one  muscle,  giving  rise  to  four  ten- 
dons, of  which  two  corresponded  to  the  normal  long  and  short  ten- 
dons, the  third  was  attached  to  the  index-metacarpal  on  its  ulnar 
side,  and  the  fourth,  arising  highest  and  most  external,  crossed  be- 
neath the  other  tendons  to  join  the  deep  surface  of  the  internal  or 
^hort  tendon  in  the  lower  part  of  the  fore-arm. 

13.  JSoUenaor  co/rpi  radialis  accessorius  (Wood).  The  small 
tendon  passing  from  tJie  radial  side  of  the  extensor  carpi  radialis 
longior  to  the  pollex-metacarpal  was  noticed  in  three  subjects.  In 
one  case  a  small  fusiform  muscle  on  the  ulnar  side  of  the  exteujsor 
carpi  radialis  longior  was  succeeded  by  a  long  tendon  which  crossed 
that  muscle  and  joined  the  extensor  ossis  metacarpi  poUicis  about  an 
inch  above  the  lower  end  of  the  radius.  This  is  evidently  an  abortive 
variety  of  the  same  muscle,  and  in  the  opposite  fore-arm  (female)  a 
more  complete  specimen  was  found.  It  arose  in  common  with,  but 
internal  to,  the  extensor  carpi  radialis  longior,  and  crossed  this 
muscle  and  the  extensor  ossis  metacarpi  superficially  to  the  first  meta- 
carpal base,  into  which  it  was  inserted  by  a  bifid  tendon  (Fig.  4)^ 
through  which  the  extensor  primi  intemodii  passed.  An  ordinary 
intermediate  extensor  and  a  bifurcation  of  the  tendon  of  the  extensor 
carpi  radialis  longior  co-existed.  Another  most  irregular  arrange- 
ment  of  radial  extensors  of  the  carpus  occurred  in  the  right  fore-arm 
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of  a  male  subject  A  large  well-developed  muscle  arising  from  the 
external  supra-condyloid  ridge  as  well  as  from  the  condyle  divided 
into  three  primary  tendons,  of  which  one  corresponded  to  the  longi<»', 
and  another  to  the  brevier,  whilst  the  central  or  intermediate  one 
was  inserted  into  the  ulnar  side  of  the  base  of  the  index-metacarpal. 
From  these  tendons  seoondaiy  slips  were  given  off,  viz.  a  cross  slip 
between  the  longior  and  brevier,  a  tendon  from  the  brevier  to  the 
index-metacaipal  beneath  the  former,  and  a  third  from  the  longior 
to  the  poUex-metacarpal.  This  complex  radial  extensor  was  attached 
therefore  by  a  single  tendon  to  the  first  and  third  metacarpals,  and 
by  three  tendons  to  the  second  metacarpal,  and  so  comprised  an 
extensor  carpi  radialis  accessorius^  two  extensor  carpi  radiales  inter- 
medii,  and  the  normal  radial  extensors  (Fig.  5). 

14.  Extensor  carpi  vlwxria.  The  most  numerous  examples  of 
variation  in  this  muscle  arose  either  from  a  bifurcated  tendon,  or 
from  the  presence  of  the  forward  prolongation  termed  the  ulnaris 
quinti.  IMs  usually  joined  the  extensor  aponeurosis  of  the  little 
finger,  but  occasionally  it  only  reached  the  base  of  the  first  phalanx. 
In  two  cases  prolongations  to  the  frovd  surface  of  the  little  finger 
were  met  with.  In  one,  the  tendinous  slip  was  joined  by  a  band  from 
the  unciform  process  and  passed  in  front  of  the  opponens  minimi 
digiti  to  the  baae  of  the  first  phalanx,  where  it  was  split  for  the 
passage  of  the  flexor  brevis,  and  was  then  inserted  into  the  sides  of 
the  phalanx  (Fig.  6).  In  the  other  example,  the  anterior  slip  had 
a  single  insertion  only  into  the  base  of  the  first  phalanx.  In  one 
instance  the  ulnaris  quinti  spread  out  into  the  fascia  over  the  fourth 
dorsal  interosseous  muscle,  and  in  another  a  most  curious  anomaly 
existed.  About  2^  inches  above  the  wrist  a  tendon  separated  frt>m 
the  ulnar  side  of  the  extensor  carpi  ulnaris,  and  on  it  a  small  fusiform 
muscle  was  developed,  which  again  gave  place  to  a  tendon  partly 
inserted  into  the  pisiform  bone  by  the  side  of  the  normal  extensor, 
but  mainly  into  the  unciform  process  under  the  origin  of  an  extra 
abductor  minimi  digitL  It  very  forcibly  reminded  one  of  the 
anomalous  extensor  ossis  metacarpi  pollicis,  which  is  occasionally  seen. 
The  only  double  extensor  carpi  ulnaris  (muscle  and  tendon)  which 
I  have  seen  is  recorded  in  Vol.  vii.  of  this  J&wrwA, 

15.  Extensor  poUicia  et  mdicia.  I  have  not  met  with  any  ex- 
amples oi  this  muscle,  which  is  so  common  among  the  carnivora. 


EXPLANATION  OF  PLATE. 

Fit/,  1.    1.    Abductor  pollicis  breris  detached  from  origin  to  bones  of 
carpus.       2.    Extensor  ossis  metacarpi  pollicis  with  quadruple  tendon. 

3.  Extensor  primi  intemodii  pollids. 

Fig,  2.    1.    Extensor  primi  intemodii  pollicis.       2.    Extensor  secnndi 
intemodii  pollicis.       a    Additional   extensor  primi  intemodii  pollicis. 

4.  Extensor  indicis.        5.    Extensor  breris  digitonun  maniis  joining  ten* 
don  of  extensor  indicis. 
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Fig,  3.  1.  Extensor  secandi  iniemodii  pollids.  2.  Abnormal  ex- 
tensor indidfl.  3.  Double  tendon  to  index  from  extensor  oonmranis 
digitomnu  4.  Single  tendon  to  middle  digit  from  extensor  communis 
digitorum. 

Fiif,  4.    1/  Extensor  carpi  radialis  longior.  1  a.    Extensor  carpi 

radialis  breyior.  1/3.  Extensor  carpi  radialis  acoessorius.  ly.  Exten- 
sor carpi  radialis  intermediua  2.  Extensor  ossis  metacarpi  pollicis 
(triple  tendon).  3.  Extensor  inimi  intemodii  pollicis.  4.  Extensor 
secundi  intemodii  pollicis. 

Fig.  5.    1, 1  oy  1  /3,  and  1  y,  as  in  Fig.  4. 

Fig,  6.  1.  Extensor  caipi  ulnaris.  2.  Ulnaris  qointi.  3-  Anterior 
slip  from  1.  4.  Flexor  brevis  minimi  digiti.  5.  Abductor  minimi 
digit! — eat       6.    Flexor  carpi  ulnaris. 


A  SIMPLE  METHOD  OF  DEMONSTRATING  THE  EFFECT 
OF  HEAT  AND  POISONS  UPON  THE  HEAKT  OF 
THE  FROG.  By  T.  Laudeb  Bbunton,  M.D.,  Sc.  D.,  F.RS., 
Aasistcmt  Physidom  and,  Lectwrer  on  Materia  Medica  at  St  Bar- 
tholomew's Hospital, 

The  fact  ihat  heat  accelerates  and  cold  retards  the  pulsations  of  the 
heart,  is  one  of  such  ^ndamental  importance,  both  in  regai'd  to  a 
right  understanding  of  the  quick  pulse,  which  is  one  of  the  most 
prominent  symptoms  of  fever,  and  to  a  correct  knowledge  of  the  proper 
treatment  to  apply  when  the  heart's  action  is  fEuling,  that  for  the  last 
year  or  two  I  have  been  accustomed  to  demonstrate  it  as  a  lecture 
experiment.  The  apparatus  I  use  is  exceedingly  simple,  but  it 
answers  its  purpose  well,  and  by  its  means  the  pulsations  of  the  frog's 
heart  can  be  readily  shown  to  several  hundred  persons  at  once. 
I  exhibited  it  at  the  meeting  of  the  British  Medical  Association  in 
London  more  than  two  years  ago,  and  a  description  of  it  appeared  in 
the  British  Medical  Journal  for  August  23,  1873 ;  but  as  I  have 
reason  to  believe  that  few  physiologists  have  seen  either  the  instru- 
ment or  its  description,  it  may  not  be  amiss  to  say  a  few  words 
regarding  it  here.  It  consists  of  a  piece  of  tin  plate  or  glass  three  or 
four  inches  long  and  two  or  three  wide,  at  one  end  of  which  an  ordi- 
nary cork  cut  square  is  fastened  with  sealing-wax  in  such  a  manner 
that  it  projects  half  an  inch  or  more  beyond  the  edge  of  the  plate. 
This  serves  as  a  support  to  a  little  wooden  lever  about  three  inches 
long,  a  quarter  of  an  inch  broad,  and  one-eighth  of  an  inch  thick.  A 
pin  is  passed  through  a  hole  in  the  centre  of  this  lever,  and  runs  into 
the  cork  so  that  the  lever  swings  freely  about  upon  it  aa  on  a  pivot. 
The  easiest  way  of  making  a  hole  of  the  proper  size,  is  simply  to  heat 
the  pin  red  hot,  and  then  to  bum  a  hole  in  the  lever  with  it.  To 
prevent  the  lever  from  sliding  along  the  pin,  a  minute  piece  of  card- 
board is  put  at  each  side  of  it^  and  oiled  to  prevent  friction.  A  long  fine 
bonnet  straw  or  section  of  one  is  then  faistened  by  sealing-wax  to  one 
end  of  the  lever,  and  to  the  other  end  of  the  straw  a  round  piece  of 
white  paper  cut  to  the  size  of  a  shilling  or  half-crown,  aoconling  to 
convenience,  is  also  fixed  by  a  drop  of  sealing-wax.  The  pin,  which 
acts  as  a  pivot,  should  be  just  sufficiently  beyond  the  edge  of  the  plate 
to  allow  the  lever  to  move  freely,  and  the  lever  itself  should  lie  flat 
upon  the  plate.  Its  weight  too,  increased  as  it  is  by  the  straw  and 
paper  flag,  would  now  be  too  great  for  the  heart  to  lift,  and  so  it 
must  be  counterpoised.  This  is  readily  done  by  clasping  a  pair  of 
bull-dog  forceps  on  the  other  end.  By  altering  the  position  of  the 
forceps  the  weight  of  the  lever  can  be  regulated  with  great  nicety. 
If  the  forceps  ai<e  drawn  back  as  at  c.  Fig.  1,  the  flag  is  more  than 
counterbalanced,  and  does  not  rest  on  the  heart  at  all,  while  the  posi- 
tion a  brings  the  centre  of  gravity  of  the  force[>8  in  front  of  the  pivot, 
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and  increases  the  pressure  of  the  lever  on  the  heart     The  isokited 
frog's  heart  is  laid  under  the  lever  near  the  pivot,  and  as  it  beats  the 


lever  oscillates  upwards  and  downwards.  If  the  tin  plate  be  now  laid 
on  some  pounded  ice  the  pulsations  will  become  slower  and  slower, 
and  if  the  room  be  not  too  warm  the  heart  may  stand  completely  still 
in  diastole.  On  removing  the  plate  from  the  ice  the  pulsations  of  the 
heart  become  quicker.  If  a  spirit-lamp  be  now  held  at  some  distance 
below  it  the  heart  beats  quicker  and  quicker  as  the  heat  increases, 
until  at  last  it  stands  still  in  heat  tetanua  On  again  cooling  it 
by  the  ice  its  pulsations  recommence.  At  first  they  are  quick,  but 
they  gradually  become  slower  and  slower.  On  again  applying  the 
spirit-lamp  they  become  quicker,  and  by  raising  the  temperature  suffi- 
ciently the  heat  tetanus  is  converted  into  heat  rigor,  l^en  no  appli- 
cation of  cold  has  the  slightest  effect  in  restoring  pulsation. 

Not  only  the  effects  of  heat  and  cold,  but  the  effect  of  separating 
the  venous  sinus  or  the  auricles  from  the  ventricle  can  readily  be 
shown  with  this  apparatus,  as  wqU  as  the  action  of  various  poisons. 
The  best  for  the  purpose  of  class  demonstration  is  muscaria.  A  drop 
of  saline  solution  containing  a  little  of  the  alkaloid  being  placed  on 
the  heart,  it  ceases  to  beat  entirely.  If  a  drop  of  atropia  solution  be 
now  added  the  beats  recommence.  I  have  seen  them  do  so  on  one 
occasion  after  they  had  entirely  ceased  for  four  hours.  When  used 
for  demonstrating  the  action  of  poisons  the  wooden  lever  shoidd  be 
covered  with  sealing-wax,  so  as  to  allow  every  particle  of  the  poison 
to  be  washed  .off  it,  and  thus  prevent  any  portion  from  being  left 
behind  and  interfering  with  a  fiiture  experiment.  By  attaching  a 
small  point  to  the  end  of -the  straw  in  place  of  the  paper  flag,  tracings 
may  be  taken  upon  smoked  paper  fixed  on  a  revolving  cylinder. 
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NOTE  ON  PFLtJGER'S  LAW  OP  CONTRACTION.    By 
Gborgb  a.  Bxbbt  and  Pro£  RuTHEBTOitD. 

Thb  object  of  the  present  communication  is  to  point  oat  some  of 
the  conditions  which  appear  to  influence  the  phenomena  of  electroto^ 
nns  other  than  the  mere  strength  and  direction  of  the  electrotonising 
current,  for  we  believe  that  the  recognition  of  these  is  important,  not 
merely  because  of  the  additional  light  which  they  throw  upon  the 
electrotonic  state,  but  also  on  account  of  the  assistance  which  the 
experimenter  may  derive  from  them  in  explaining  the  anomalies  and 
failures  which  not  unfrequently  attend  a  demonstration  of  Pfliiger's 
law. 

The  following  mode  of  demonstrating  this  law  is  a  good  one,  and 
as  it  led  us  to  p^orm  other  experiments  it  is  here  detailed.  Two 
nonpolarisable  electrodes  are  attached  to  the  usual  arrangements 
employed  in  showing  Pflager^s  law.  The  sciatic  nerves  of  two  frog's 
legs  are  laid  across  both  electrodes  in  such  a  manner  (Fig.  1),  that 
the  current  ascends  the  one  while  it  descends  the  other,  and  thus  the 
limbs  simultaneously  indicate  the  effect  of  the  ascending  and  descend- 
ing current. 

Fig.  1. 


Double  method  of  showing  Pfliigar'8  law  of  eontraotion.  A^  B.  Frog's  musdes 
with  their  nerves  (the  gastroonemii  only  are  shown,  but  in  the  experiment 
the  whole  leg  18  used).    C7,  i>.   Clay  electrodes. 

On  transmitting  a  current  ftom  four  smsJl  Orove's  cells  the 
results  given  by  PflUger  as  indicating  those  of  a  '^strong"  current  az« 
obtained,  viz.: 

Muide  A.  Mu^de  B. 

Close  s  Rest.  Close  =  Contraction. 

Open  SB  Contraction.  Open  =  Rest 

A  less  powerful  current  gives  the  effect  of  Pfltiger^s  *' 
current,  viz.: 

MuBcU  A.  Mtude  B. 

Close  =  Contraotion.  Close  s  Contraction, 

Open  -  Contraction.  Open  =  Contraction. 
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A  weaker  current  giTes  that  of  Pflllger's  ^^weak"  current,  viz. : 

Muscle  A.  Muscle  B. 

Close  =  Contraction*  Close  »  Contraction. 

Open  =  Best.  Open  *  Best. 

It  is  known  that  the  probable  explanation  of  these  results  is  to 
be  found  :  (1)  In  the  fact  that  at  closure  the  nerve  is  excited  only  in 
the  I'egion  of  the  negative  pole,  while  the  excitement  takes  place 
only  at  the  positive  pole  when  the  circuit  is  opened  (Pfliiger).  (2)  In 
the  relation  of  the  poles  to  the  terminal  organ  affected  by  the 
excitement.  (3)  In  the  strength  of  the  current.  The  fintt  of  these 
&cts,  known  as  Pfluger*s  law  of  electrical  stimulation,  has  been  do* 
monstrated  by  Engelmann's  experiment  on  muscle.  (See  Hermann's 
Fhysiology,  1875,  p.  330.) 

We  were  curious  to  see  what  might  be  the  effect  of  dividing  the 
nerves  where  they  lay  upon  the  electrodes,  and  then  stimulating 
them  with  the  currents  that  had  yielded  the  above  results.  The 
position  of  the  nerves  after  section  is  shown  in  Fig.  2. 

Fig.  3. 


B 

Nerves  divided  on  electrodes.    Leiteis  as  in  Fig.  L 

'  Notwithstanding  this  arrangement,  Pfliiger^s  results  were  ob- 
tained exactly  as  before.  But  the  following  modification  of  the 
experiment  brought  out  a  very  interesting  &ct.  The  portions  of  the 
nerves  in  connection  with  the  muscles  were  drawn  away  from  each 
electrode  until  only  about  a  millimetre  of  their  cut  ends  rested  on 
the  clay  close  to  the  detached  portions  of  nerve  uniting  the  elec- 
trodes. It  was  then  found  that  the  current  which  had  previously  given 
the  effects  of  Pfliiger's  ** medium"  current,  now  gave  those  of  the 
"strong"  current.  On  appljdng  a  longer  piece  of  nerve  to  each  eleo- 
trode,  the  effects  were  again  those  of  a  medium  current.  Similar 
results  were  obtained  witib  metallic  electrodes. 

The  explanation  of  this  effect  of  the  length  of  the  piece  of  nerve 
traversed  by  the  current  was  not  evident  until  a  considerable  number 
of  experiments  were  performed,  into  the  details  of  which,  however,  it 
is  unnecessary  to  enter,  as  the  following  gave  the  clue  to  it. 

The  clay  points  of  Du  Bois  Beymond^s  nonpolarisable  electrodes 
were  welded  together  so  as  to  form  a  continuous  roller,  and  it  was 
found  that  by  simply  laying  the  nerve  along  this  roller  it  was  easy  to 
obtain  all  the  results  of  Pfltlger's  law  on  transmitting  a  current 
through  the  clay.  The  point  where  the  electricity  enters  the  nerve 
being  the  positive  pole,  while  its  point  of  exit  is  the  negative  pole. 
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Th^  striking /act,  howwer,  ia  thai  without  altering  ike  strength  of  the 
ciMrrent  all  the  phenomena  of  Pfliiger's  law  could  be  obtained  bj 
transmitting  it  through  a  central,  middle,  or  peripheral  portion  of 
nerve,  at  *  one  time  in  an  ascending— ^t  another  in  a  descending 
direction.     This  will  be  understood  by  referring  to  Figs.  3,  4  and  5. 

Six  small  Grove's  cells,  connected  in  the  usual  way  to  Du  Bois 
Rejmond's  rheocord.  Plugs  of  rheocord  1.  1.  2.  5.  out.  Mercury 
bridge  at  32.  Sciatic  nerve  of  frog  (n)  laid  on  a  continuous  clay 
elec^ode  (e). 

Fig.  8. 


Current  Ascending. 

Close  =  Rest. 
Open  =  Contraction. 


Current  Descending, 

Close  =  Contraction. 
Open  =  Rest. 


Fig.  4. 


Current  Ascending, 

Close  =:  Contraction. 
Open  =  Contraction. 


Current  Descending, 

Close  =  Contraction. 
Open  =  Contraction. 


Fig.  5. 


Current  Ascending. 

Close  =  Contraction. 
Open  s  Best. 


Current  Descending, 

Close  =  Contraction. 
Open  =  Rest. 


It  is  evident  that  the  results  of  stimulating  the  nerves  as  arranged 
in  Figs.  3,  4  and  5  are  respectively  those  of  Pfliiger's  "strong," 
«< medium**  and  *'weak"  currents. 
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Seeing  that  the  strength  of  the  current  had  not  been  changed,  the 
different  effects  appear  to  result  from  the  greater  excitability  of  the 
central  as  corapaj^ed  with  the  peripheral  part  of  the  nerve,  so  that 
the  same  current  has  a  ^'strong''  effect  on  the  former,  and  a  '^weak'^ 
effect  on  the  latter. 

Prom  these  experiments  it  is  clear  that  the  degree  of  excUahUUy 
of  the  nerve  traversed  by  a  galvanic  stream  has  a  marked  influence 
on  the  electrotonic  state.  In  addition  to  this,  however,  the  length  of 
nerve  traversed  by  the  electricity  is  also  of  importance^  One  might 
naturally  suppose  that  by  adding  a  portion  of  nerve  that  is  highly 
excitable — and  which  with  a  current  of  given  strength  exhibits  the 
phenomena  of  Pfluger's  '* strong"  current — to  a  portion  much  less 
excitable,  and  giving  with  the  same  current  the  effects  of  Pfldger's 
"weak"  current,  in  other  words,  of  laying  a  piece  of  nerve  stretch- 
ing from  the  central  to  the  peripheral  end  on  the  roller,  the  effect 
would  be  that  of  a  "medium*'  current:  and  further,  it  would  be 
reasonable  to  imagine  that  a  portion  of  nerve  having  an  excitability 
low  enough  to  give  the  effect  of  a  "weak"  current  would,  when 
added  to  another  portion  having  a  still  lower  excitability,  give  still 
weaker  effects  or  no  effects  at  all.  That  the  latter  is  not  the  caae, 
however,  is  seen  from  the  following  experiments. 

A  current  from  two  small  Smee's  cells  was  transmitted  through 
2  mm.  in  length  of  the  sciatic  nerve  close  to  its  central  end  (a  Fig.  6). 
The  effects  were  those  of  a  "strong"  current.  On  applying  3  mm.  to 
the  roller  the  effects  became  those  of  the  "  medium,"  and  more  deff- 
liitely  so  when  as  much  as  15  mm.  were  applied  {a!). 

The  same  current  was  then  transmitted  through  4  mm.  of  the 
nerve  about  its  middle  (6).  The  effects  were  those  of  a  "weak" 
current,  but  on  applying  a  few  millimetres  more  of  the  peripheral 
part  of  the  nerve  the  effects  of  the  "medium"  current  were  ob- 
tained (6'). 

Fig.  6. 


Strong. 

Weak. 

•in' 

J_*'  1. 

J      S--T — 

1 

Medium.  Medimn. 


The  question  now  arises,  why  should  the  addition  of  a  peripheral 
portion  in  the  one  case  {a  — a')  diminish,  while  in  the  other  {h  —  V)  it 
increases  the  effect  %  The  following  appears  to  be  the  most  reasonable 
explanation. 

When  only  a  small  portion  of  nerve  is  traversed  by  a  current  of 
moderate  intensity  the  influence  of  the  excitability  at  that  part  is 
more  powerful  than  the  specific  influence  of  the  current  itself,  if  it  may 
be  so  called.  The  effects  vary  with  the  degree  of  excitability  of  the 
part  stimulated;  being  "weak"  when  it  is  low,  "strong"  when  it  is 
high ;  but  if  the  electricity  be  allowed  to  traverse  a  longer  portion  its 
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influence  OTerpowera  that  of  the  local  excitability,  and  the  effects 
from  such  a  current  as  that  used  by  us  become  invariably  medium. 

Erom  these  experiments  it  therefore  appears  that  in  studying  the 
phenomena  that  attend  the  establishment  and  resolution  of  the  elec- 
trotonic  state  it  is  necessary  to  take  into  account  not  only  (1)  the 
strength  of  the  current,  and  (2)  relation  of  the  poles  to  the  terminal 
organ  of  the  nerve,  as  has  hitherto  been  done,  but  also  (3)  the  ea>* 
cUabilUy,  and  (4)  the  length  of  the  portion  of  nerve  traversed  by  the 
Toltaic  stream. 


NOTE    ON   THE    ACTION    OF  THE  INTERNAL   XNTEK- 
COSTAL  MUSCLES.    By  Professor  Rutherford. 

Having  at  ooe  time,  in  common  with  others,  fallen  into  the 
error  of  r^arding  Hamberger's  well-known  model  of  parallel  bars 
and  elastic  bands  as  illustrative  of  the  action  of  the  intercostal 
mi:Bcles,  I  believe  that  this  notB  may  be  useful  to  others  who  have 
been  similarly  misled.  Everyone  who  has  used  the  model  referred 
to  knows  that  when  the  elastic  bauds  are  placed  in  the  position 
of  the  internal  intercostal  fibres  the  wooden  ribs  and  sternum 
descend ;  this  movement  being  the  only  one  that  permits  of  a  short- 
ening of  the  band.  Why -such  a  model  was  ever  devised  it  would  be 
difficult  to  imagine,  for,  as  Prof.  Humphry*  and  others  have  pointed 
out,  it  does  not  really  represent  the  ribs,  these,  unlike  the  bars, 
being  arcs  which  can  rotate  around  an  axis  directed  from  the  posterior 
ends  of  the  ribs  to  the  costal  cartilages.  It  appeared  to  me  that  an 
application  oi  elastic  bands  to  the  ribs  themselves  would  obviously  be  the 
readiest  mode  of  demonstrating  their  effect  when  arranged  after  the 
manner  of  the  intercostal  muscles.  Nails  were  accordingly  driven 
into  the  ribs  and  elastic  bands  placed  in  the  position  of  fibres  of  the 
external  intercostal  muscles  between  the  four  upper  ribs.  The  extent 
of  the  resultant  costal  elevation  is  shown  in  Fig.  1. 

The  bands  were  then  placed  between  the  osseous  parts  of  the 
same  ribs  in  the  position  of  internal  intercostal  fibres  carefully  ascer- 
tained by  reference  to  a  dissection  of  the  chest.  The  consequent 
elevation  of  the  second^  third,  and  fourth  ribs  was  evident  enough 
(Fig.  2). 

Owing  to  the  circumstance  that  the  second,  third,  and  fourth  nbs 
are  not  connected  one  with  another,  they  can,  by  such  bands,  be  raised 
individually.  When,  however,  a  band  is  placed  between  the  fourth 
and  fifth  ribs  there  is  a  simultaneous  elevation  of  the  fifth  and  four 
succeeding  ribs  owing  to  the  junction  of  their  cartilages  one  with 
another.  Fig.  3  shows  elastic  bands  arranged  in  the  position  of 
internal  intercostal  muscles  between  the  osseous  parts  of  the  seven 
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xcnos  or  the  intebnal  intebC03Tal  wtscles.     COS 

Fig.!. 


upper  ribo.  The  costal  elevation  and  consequent  lateral  expansion  is 
Teij  evident  when  compared  with  the  other  side  of  the  chest. 

ThetK  experiments  entirely  put  an  end  to  the  statenieDt  fonnde<1 
on  Hamberger'a  model,  that  the  interosseono  parts  of  the  internal 
intercostal  masclen  mtul  depress  the  ribs,  beoause  that  is  the  only 
costal  position  which  permits  of  a  Bhortening  of  thfse  fibres. 

Different  results  are  obtained  if  the  elastic  bands  be  plnced  only 
between,  mj  the  seoond  and  third,  or  between  the  third  and  fourth 
ribs.  The  upper  rib  is  then  drawn  down  while  the  lower  is  drawn 
up:   both  when  the  bands  are  arranged  after   the  manner  of  the 
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EUration  of  rib«  and  lateral  eiptuirioit  of  ngbt  Bids  of  cheat  b;  eUstie  b&nda  in 

the  pocition  of  intomal  iutorcostal  niiuoles  between  OBseona  porta  of  tiba. 
(Frmn  a  photograph.) 

internal  and  of  the  extemfti  intercostaJs;  and  if  the  lower  rib  of  th& 
pair  be  held  immobile  the  only  movement  is  a  drawing  down  of  the 
upper  one.  Both  intercostals  are  therefore  able  to  elevate  the  ribs 
when  the  more  fixed  point  is  above,  and  to  depress  them  when  the 
more  fixed  point  ia  below.  The  npper  rib  is  more  fixed  than  the 
others,  for  it,  unlike  the  others,  has  no  joint  between  its  cartilage 
and  the  sternum;  it  is  also  less  flexible  than  the  lower  ribs,  and, 
moreover,  it  being  an  arc  of  a  smaller  circle  than  the  othere  b  less 
afiected  hj  forces  tending  to  approximate  it  to  the  other  coRtal  arcs. 

Elastic  bands  were  placed  in  the  position  of  external  intercostal 
muscles  between  tlie  upper  eight  ribs  on  both  aides  of  the  chest.  Great 
lateral  expansion  of  the  chest  resulted.  The  upper  end  of  the 
sternum  was  elevated  only  to  the  extent  of  a  quai-ter  of  an  inch. 
The  ensiform  cartilage  was  lifted  foi-Mrards  an  inch  and  three  quarters. 
Hie  elastic  bands  were  then  removed,  and  placed  in  the  position  of 
interosseous  parts  of  internal  intercostal  fibres  between  the  aame  ribe. 
There  was  neither  elevation  nor  depression  of  the  upper  end  of  the 
sternum,  while  the  ensiform  cartilage  was  lifted  forwards  to  the  extent 
of  three  quarters  of  an  inch.  How  far  this  may  indicate  the  relative 
powers  of  the  external  and  internal  Intercostal  musclee  it  is  impos- 
sible to  say,  for  the  effect  of  such  bands  depends  not  only  on  their 
position  but  on  the  degree  to  which  they  are  pnt  on  the  stretch, 
and  it  does  not  seem  possible  in  snob  experiments  to  arrive  at  oni- 
formity  in  this  respect. 

The  object  of  the  foregoing  is  merely  to  show  the  manner  in 
which  a  practical  demonstration  of  what  the  internal  intercostals  can 
do  may  be  readily  obtained.  Experiment  on  the  living  animal  has 
not  yet  removed  the  doubt  regarding  their  mode  and  time  of  action 
during  life. 


THE  OXIDATION  OF  UREA.  By  James  Reoch,  M.A.,  M.B., 
Professor  of  Physiology  in  the  University  of  Ihirhcmh  College  of 
Medicine^  NewcastU-on-l^yne. 

In  a  paper  on  the  Decomposition  of  Urea  in  the  last  number  of 
the  Jowmal  of  Anatomy,  the  general  phenomena  attending  the 
decomposition  of  urea  boUi  in  the  urine  and  in  pure  solutions  were 
fully  described,  but  some  of  the  most  important  points  were  left 
somewhat  doubt^I,  because  sufficient  experiments  had  not  been  made 
at  the  time  of  publication.  The  chief  of  these  questions  was  whether 
ozone  or  nascent  oxjgen  was  produced  during  the  fermentation  of 
urea  by  the  ^ngus,  for  in  some  of  the  experiments  referred  to  in  the 
last  paper  undoubted  evidence  of  it  was  found,  but  in  others  about 
equally  numerous  it  was  not  found.  The  first  thing  of  course  is  to 
select  a  proper  mould,  for  the  ^ngus  being  a  plant  is  subject  as  to 
its  vitality  to  the  general  laws  of  plant- life.  In  a  large  pot,  into 
which  the  drainings  of  coffee  cups  had  been  thrown,  and  which  there- 
fore presumably  contained  nothing  beyond  coffee-infusion,  milk,  and 
sugar,  a  large  green  mould  had  thickly  covered  the  surface ;  this  was 
removed,  slightly  washed,  and  bottled ;  after  some  time  it  was  taken 
but  and  thoroughly  washed  by  shaking  and  decantation,  and  torn  up 
into  shreds  of  a  few  milligrammes  each.  A  standaixl  solution  of  urea 
was  prepared  of  the  strength  2grms.  in  100  cc.  of  water,  and  a  solu- 
tion of  KI  of  similar  strength,  also  a  solution  of  dilute  H,SO^  equal 
to  2  per  cent  of  soda,  or  where  100  cc.  neutralized  a  solution  contain- 
ing 2grms.  NaHO.  It  was  then  ascertained  by  repeated  experiment 
that  acid  of  this  strength  would  not  liberate  iodine  from  KI  so  as  to 
strike  a  blue  with  starch ;  no  doubt  it  begins  to  do  so  even  in  the 
cold  in  about  an  hour,  and  after  twenty-four  hours  it  liberates  more, 
but  it  never  gives  the  blue  at  once,  so  tliat  its  addition  makes  no 
difference  in  Una  respect ;  it  is  important  to  state  this,  because  urea 
turning  into  carbonate  of  ammonia,  and  iodide  of  starch  being  very 
soluble  in  alkali,  it  is  necessary  to  add  dilute  H^SO^  as  well  as  starch 
in  testing  for  free  iodine.  There  need  be  no  mistake,  however,  as  if 
free  iodine  be  present  a  deep  blue  is  at  once  produced,  whereas  dilute 
H,SO^  would  only  produce  a  faint  tint  after  some  hours.  Now 
in  two  experiments  some  of  the  KI  solution  and  some  starch  dis- 
solved in  boiling  water  were  added  to  an  ounce  or  so  of  the  urea  solu- 
tion, and  shreds  of  the  fungus  placed  in  each  ;  after  two  days  they 
both  gave  blue  with  ^cc.  dilute  H,SO^,  while  the  original  solutions 
mixed  without  any  fungus  of  coui'se  gave  no  reaction  whatever ;  after 
two  days  more  one  gave  a  very  deep  blue,  but  the  other  gave  nothing, 
and  even  strong  HCl  only  gave  a  yellow ;  the  next  day  the  same 
thing  occurred ;  gradually,  however,  in  two  or  three  days  more,  the 
blue  colour  ceased  to  be  produced  in  the  first  as  it  had  ceased  in  the 


612  PROF.  BEOCH. 

other,  and  even  strong  HOI  only  gave  a  yellow  indicating  free  iodine, 
but  to  get  the  deep  blue  of  iodine  of  starch  fresh  starch  solution 
required  to  be  added.  But  starch  solution  had  originally  been  added 
to  both  of  them,  therefore  it  must  have  been  decomposed,  and  as  they 
both  gave  free  iodine  at  first,  which  speedily  disappeared  and  did  not 
come  out  even  when  fresh  starch  wbjb  added,  the  inference  was  plain 
that  the  starch  was  decomposed  by  the  fungus  just  as  the  urea  was, 
and  that  it  was  transformed  into  something  which  destroyed  the 
iodine  of  starch  reaction.  To  examine  the  whole  question  more 
thoroughly  twenty-one  test-tubes  were  divided  into  seven  series  of 
three  each  and  the  following  additions  made : 

1st  3.     5  CO.  urea  sol.  + 1  cc.  KI  soL  +  fungus. 

2nd  3.     5  ca  urea  sol.  +  1  cc.  EI  sol.  +  fungus  +  4  drops  starch  sol. 

3rd  3.     5  cc.  urea  sol.  +  1  cc.  KI  sol.  +  fungus  +  4  drops  starch  soL 

+  01,  0-2,  and  055 cc.  dil.  H,SO^. 
4th  3.     5  cc.  urea  sol.  +  drops  starch  sol.  +  fungus. 
5th  3.     5  cc.  urea  soL  +  fungus. 
6th  3.     5  cc.  urea  soL  +  1  cc.  KI  sol.  +  4  drops  starch  sol.  +  0*1,  0*2, 

0-65  cc.  dil.  H^O,. 
7th  3.     5  oc.  H,  O  +  1  cc.  KI  sol.  +  fungus  +  4  drops  starch  sol. 

After  an  hour  or  two  each  of  the  third  and  sixth  series  assumed 
a  faint  purple  tinge,  but  even  after  the  lapse  of  two  days,  though 
decidedly  purple,  they  were  transparent  and  not  properly  blue  at  aU. 
Two  days  after  these  solutions  wei*e  set  aside,  one  of  each  was  treated 
with  ^cc.  dil.  H^SO^  and  a  few  drops  of  starch  solution,  a  deep  blue 
was  obtained  ^  ith  the  one  of  the  first  series  and  a  similar  though  not 
BO  deep  blue  from  that  of  the  second  series,  but  none  of  the  others 
gave  any  reaction  whatever,  though  of  course  KI  was  added  to  the 
fourth  and  fifth  as  well  as  starch  and  dil.  H^SO^.  The  next  day  the 
same  experiment  waa  rei)eated  with  the  second  of  each  series,  and 
the  day  after  with  the  third,  and  in  each  case  with  the  same  positive 
and  gradually  increasing  result  with  the  first  series,  and  entirely 
negative  with  the  last  five ;  but  as  to  the  second  series  the  second 
bottle  gave  no  result  at  first,  though  very  quickly  it  appeared,  while 
the  third  bottle  gave  no  result  at  all  even  after  a  considerable  time. 
From  these  experiments  the  same  result  follows  as  from  the  first  two, 
there  being  no  result  without  the  urea  indicates  that  no  ozone  is 
produced  by  the  fungus  without  the  urea  to  work  upon,  while  there 
being  no  evidence  of  any  unless  KI  was  present  the  whole  time 
shows  that  the  ozone  is  not  produced  all  at  once,  but  only  gradually, 
and  is  therefore  absorbed  by  the  KI  as  it  is  produced,  while  again 
the  constant  result  with  urea  and  KI,  but  a  different  result  where 
starch  was  present  all  the  time  (for  though  the  blue  was  produced  in  the 
first  bottle  it  diminished  till  none  was  produced  in  the  third)  shows 
that  the  starch  was  decomposed,  and  in  this  process  caused  the  iodide 
of  starch  also  to  disappear.  The  want  of  obtaining  the  blue  where 
the  diL  H,SO^  was  present  shows  that  the  latter  hinders  the  growth 
of  the  plant.    Another  series  of  experiment's  of  the  same  nature  gave 
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similar  renults.     Twelve  test-tubes  were  taken,  and  the  following 
additions  made : 

1st  4.     5  CG.  urea  soL  + 1  cc.  KI  soL  +  fungaa. 
2nd  4.     5  cc.  H^  O  +  1  oc.  KI  sol.  +  fungus. 
3rd  4.     5  cc.  urea  sol.  + 1  cc.  KL  sol. 

The  fungus  in  this  case  had  been  allowed  to  dry  in  the  air,  and  its 
vitality  was  probably  diminished  thereby,  for  next  day  one  of  each 
gave  no  result  with  starch  and  ^  oc.  dil.  H^SO  ,  and  even  the  day 
after  there  was  no  result,  but  on  the  third  day,  \  oc.  dil.  H,SO^  and  a 
few  drops  6f  starch  being  added  to  each  of  the  twelve  test-tubes,  there 
^  was  a  reaction  in  each  of  the  first  four,  though  considerably  deeper 
in  two  of  them  than  in  the  other  two,  indeed,  each  of  the  four  gave  a 
blae  of  different  depth,  showing  that  from  difference  of  size  or  other- 
wise the  fungus  had  not  acted  with  the  same  vigour  in  each  j  one  of 
the  second  series  of  four  test-tubes  gave  a  blue  at  ouce,  and  another 
in  a  short  time,  but  the  other  two  gave  nothing.  These  are  the  only 
cases  in  which  any  approach  to  the  decomposition  of  KI  by  thd 
fungus  alone  was  niade,  and  if  they  be  admitted,  though  in  many 
more  cases  no  reaction  was  obtained,  it  will  only  prove  that  the 
fungus  can  produce  ozone  by  the  little  nutriment  it  can  get  from  dust 
floating  in  the  atmosphere,  and  this  would  not  be  surprising,  since 
moulds  are  found  to  grow  and  flourish  in  the  most  unlikely  sitiui- 
tions.  None  of  the  third  series  of  four  test-tubes  gave  any  result 
whatever.  Various  other  experiments  were  made  which  tended  to 
the  same  conclusion.  But  when  another  fungus  was  used  a  similar 
and  yet  slightly  different  result  was  obtained.  From  a  tall  uncovered 
jar  which  contained  wine  about  one  year  old  a  piece  of  mould  matted 
together  with  dirt  and  other  matter  was  obtained.  This  was  well 
gashed,  and  shreds  of  it  sown  in  sixteen  test-tubes  after  the  following 
manner : 

1st  4.     5  cc.  urea  sol. 

2nd  4.     5  cc.  urea  soL  -i-  J  oc.,  1  oc,  1^  cc,  2  cc.  KI  soL  to  each 

respectively. 
3rd  4.     5  00.  urea  sol.  +  2  drops  starch  sol.  to  each. 
4th  4.     5cc.   H,0  4-^cc.,    Ice,   l^cc,  2cc.  KI  sol.  to  each 

respectively. 

No  trace  of  free  iodine  was  obtained  from  a  sample  of  the  most 
of  these  a  week  after,  but  on  the  tenth  day  ^cc.  H^SO^  was  added  to 
each  without  producing  blue  in  any,  but  on  adding  a  few  drops  of 
starch  all  round  the  10th,  11th,  and  12th  came  out  very  deep  blue, 
and  the  6th  and  perhaps  the  9th  also  showed  a  slight  tint,  ^and  the 
loth  a  very  faint  blue,  but  none  of  the  others  gave  anything.  Here 
we  have  four  out  of  eight  tubes  containing  urea  and  KI  as  well  as 
the  fungus  giving  the  blue  iodide,  but  none  of  those  containing  urea 
alone,  while  only  one  of  those  containing  merely  KI  and  H,0.  gave 
any  reaction,  and  that  only  a  trace.  It  may  be  asked,  why  did  not 
all  the  test-tubes  containing  urea  and  KI  give  a  reaction,  but  on 
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adding  a  little  tincture  of  litmus  it  was  found  that  the  ^ca  H;SO^ 
dil.  had  rendered  them  strongly  acid,  thej  therefore  contained  little 
or  no  carbonate  of  ammonia ;  the  explanation  of  want  of  action  there- 
fore lies  with  the  fungus,  and  there  can  be  little  doubt  that  since  last 
winter  was  so  severe  that  many  of  the  wines  froze  in  their  jars,  and 
that  the  fungus  was  lying  for  a  whole  year  exposed  to  all  the  influ- 
ences which  kill  or  check  plant-growth,  that  its  vitality  mnst  hav» 
been  very  low,  and  probably  much  of  it  was  dead.  These  facts  seem 
to  teach  that  the  reaction  must  not  be  expected  unless  the  fungus  be 
in  a  state  of  perfect  vitality ;  but  if  this  be  ascertained  the  results 
above  described  form  one  of  the  most  beautiful  demonstrations  which 
can  be  shown  to  a  class.  Let  a  series  of  twelve  test-tubes  be  taken 
with  varying  solutions,  such  as  above  described,  and  the  fungus  being 
sown  in  each,  then  after  two  or  more  days  let  some  starch  solution 
and  dilute  H,S04  be  added  to  each;  a  deep  opaque  blue  will  result 
at  once  in  those  test-tubes  in  which  urea  solution  and  KI  solution 
alone  exist.  The  question  what  becomes  of  the  starch  in  the  above 
cases  where  it  is  placed  in  the  combined  urea  and  KI  solutions  and 
acted  on  by  the  fungus,  is  a  very  difficult  one.  Starch  can  undergo 
several  different  fermentations,  each  with  a  different  product  It 
does  not  appear  to  be  changed  in  this  case  into  glucose,  for  several 
experiments  where  C^SO^  and  liq.  potass,  were  added  to  the  fluid  in 
which  the  starch  had  decomposed  gave  no  trace  whatever  of  suboxide 
of  copper;  but  whatever  may  be  the  product  the  fact  of  its  decomposi- 
tion is  certain,  and  it  ought  therefore  never  to  be  added  till  the  last. 
It  being  therefore  certsiin  that  ozone  is  produced  during  the  decom- 
position of  urea,  the  question  of  whether  the  fungus  gains  in  weight 
during  the  process  loses  much  of  its  importance.  The  facts  described 
in  the  last  paper  all  go  to  negative  the  idea  that  urea  becomes  carbo- 
nate of  ammonia  by  assuming  H^O,  but  the  production  of  nascent 
oxygen  is  a  cinicial  point;  if  that  be  admitted  there  can  be  little 
doubt  that  the  theory  of  the  continuous  oxidation  of  urea  propounded 
in  the  last  paper  is  correct.  How  far  this  ozone  theoiy  may  explain 
other  fermenl^tions  is  another  question,  and  one  which  in  the  absence 
of  positive  experiments  it  would  be  unsafe  to  speculate  on ;  but  doubt- 
less the  fungi  do  not  confline  their  operations  to  urea.  All  moulds 
do  not  seem  to  be  alike  powerful,  but  the  ordinary  green  mould 
which  so  commonly  appears  on  so  many  domestic  articles  seems  to  be 
the  most  powerful.  In  some  experiments  with  the  fungus  from  an 
ink-bottle  a  trace  of  ozone  was  obtained,  but  it  was  perfectly  white, 
and  the  microscope  showed  a  mass  of  mycelium  matted  together, 
many  indeed  containing  spores,  but  few  of  the  latter  free ;  yet  the 
spores  seem  to  be  the  active  agent,  and  probably  the  ozune  is  pro- 
duced l^  the  action  of  the  green  colouiing  matter  which  they  so 
largely  contain.  * 


AN  IMPROTED  FEEEZUfO  MICROTOME.  By  Richard 
Hughes,  Rmdont  Mediaal  Officer  U>  the  Mancheater  Hospital  f(yr 
Sick  Children. 

Tbb  difSculties  attendant  npon  the  Tue  of  a  mixture  of  ice  and 
salt  aa  a  means  of  freeziitg  tissuee  for  microscopical  parposes,  have 
induced  me  to  arrange  the  inHtrument  about  to  be  described,  and  of 
which  the  accompanying -di^p^m  representu  a  eection.  It  conaiBts  of 
a  rectangular  brass  box  closed  at  the  top  by  a  plate  of  the  same 
material,  forming  the  stage.  Near  to  one  end,  the  box  is  tr&vetBed 
from  top  to  bottom  by  a  cylinder,  provided  with  a  screw-piston  and 
milled  head,  the  arrangement  of  its  working  parts  being  similar  to 
those  of  Professor  Rutherford's  microtome.  la  the  end  opposite  the 
cylinder  is  an  opening  through  which  ether  is  introduced  when  the 


apparatus  is  used,  and  which  is  closed  by  a  perforated  cork  plug 
carrying  an  ordinary  glass  atomiser.  An  exit  ia  provided  for  the 
ether  vapour  through  a  bent  tube  opening  behind  the  cylinder,  and 
leading  into  a  narrow  chamber,  in  which  the  razor  blade  is  plunged 
previous  to  making  a  section.  The  atomiser  is  worked  by  a  double 
elastic  ball,  and  the  body  of  the  instrument  is  covered  by  a  non- 
conducting jacket  of  flannel  and  leather :  a  piece  of  spongio-piline 
cut  to  the  shape  serves  to  protect  the  stage  &om  external  warmth 
during  the  freezing.  In  using  the  instrument,  the  cork  plug  is  re- 
moved and  the  box  is  about  half  filled  with  Richardson's  anieathetic 
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ether,  care  being  taken  not  to  incline  the  box  too  much,  or  l^e  ether 
will  ran  out  through  the  exit  tube.  The  plug  is  then  replaced,  the 
razor  blade  is  dipped  into  the  narrow  secondary  chamber,  and  the 
elastic  ball  is  worked.  In  from  two  and  a  half  to  four  minutes  a 
piece  of  tissue  placed  in  the  cylinder  will  be  frozen  sulficientlj  to 
allow  sections  to  be  cut.  llie  ether  -used  may  be  "Richardson's 
anaesthetic  ether/'  made  by  Bobbins  of  Oxford  Street,  which  costs 
seven  shillings  a  pint,  and  which  produces  a  yeiy  intense  cold,  or  the 
cheaper  methylated  ether  may  be  substituted.  To  avoid  waste  of 
ether  I  have  arranged  a  larger  instrument,  provided  with  a  force- 
pump  and  condensing  chamber;  but  the  cost  and  the  labour  of 
working  are  much  greater  than  in  the  simple  apparatus  above  de- 
scribed, and  the  increased  trouble  is  not  compensated  for  by  the  gain 
of  ether.  The  apparatus  is  made  by  Messrs  J.  and  W.  Wood,  King 
Street,  Manchester,  and  is  sold  for  twenty-five  shillings. 


NOTE  ON  AN  EXAMPLE  OF  MECKEL'S  DIVERTICULUM. 
By  SiDKET  CouPLAND,  M.D^  Lonil,^  CurtUor  of  the  Middlesex 
HoepUal  Mueeum* 

Diverticula  Hei  are  such  common  abnormalities,  and  Meckel's  view  as 
to  their  being  foBtal  relics — viz.  examples  of  persistency  of  a  portion  of 
the  vitelline  duct — is  so  geneitilly  adopted,  that  it  may  hardly  be 
thought  worth  while  to  record  any  further  instances  of  such  struc- 
tures. But  having  recently  met  with  an  example  which  presented  a 
curious  difference  from  those  I  have  previously  seen,  and  which  is 
much  less  frequently  met  with,  I  thought  a  brief  account  of  it  might 
be  of  some  slight  value. 

When  J.  F.  Meckel'  first  threw  light  upon  the  true  nature  of 
these  structures,  he  met  with  considerable  opposition,  and  in  replying 
to  his  critics  he  adduced,  among  other  arguments,  the  fact  that,  in 
some  cases,  the  abnormal  pouch  was  adherent  to  the  abdominal  wall 
at  the  tmibilicus,  and  even  had  remained  open  there  in  cases  of  con- 
genital non-closure  of  the  abdominal  parietes.  The  case  I  have  to 
describe  is  not  one  of  such  convincing  character  as  these,  but  from  its 
position  it  presents  some  approach  to  them. 

In  making  the  abdominal  incision  in  the  body  of  a  robust  male 
(»t.  41)  who  died  in  the  Middlesex  Hospital  of  pneumonia,  in  Octo- 
ber, 1875,  I  was  struck  by  what  appeared  to  be  a  portion  of  intes- 
tine in  the  middle  line  of  the  body  immediately  underneath  the 
parietes  and  below  the  xiphoid  cartilage.  On  further  examination 
the  exact  nature  of  this  was  ascertained,  and  also  the  following 
disposition  of  the  viscera  in  the  abdomen.  The  omentum,  well  laden 
with  fat,  concealed  the  intestinal  coils  in  the  left  half  of  the  cavity, 
but  in  the  right  half  a  loop  of  the  ileum  passed  over  the  surface  of 
the  omentum,  and  ran  up  towards  the  upper  part  of  the  abdomen, 
the  two  limbs  of  the  loop  being  lost  among  the  coils  of  the  ileum 
below.  The  fold  of  mesentery  seemed  lengthened  to  admit  of  the 
loop  being  formed.  From  the  convexity  of  the  sharp  flexure  in  the 
centre  of  the  loop,  and  consequently  from  the  free  surface  of  the 
intestine  forming  it,  proceeded  the  structure  which  had  first  attracted 
my  attention.  This  was  a  diverticulum  of  the  bowel,  containing 
only  flatus,  4^  inches  in  length,  freely  moveable,  and  reaching  as 
high  as  the  ensiform  cartilage.  It  thus  extended  upon  the  surface  of 
the  left  lobe  of  the  liver  in  juxtaposition  to  the  falciform  ligament. 
The  liver  was  slightly  grooved  by  it  Its  diameter  was  about  that  of 
the  fore-finger,  but  it  could  be  distended  till  it  nearly  equalled  in 
calibre  the  gut  from  which  it  sprang.     It  was  slightly  larger  and 

^  Beitr&ge  zur  vergUiehenden  Anatomie,  1806.  See,  for  fall  diaonssion  of 
the  question,  Manuel  d*AfuUamU,  par  J.  F.  Meckel,  trad,  par  Jourdaia  eft 
Braohei,  1825,  Yd.  m.  p.  481. 
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bulbous  at  its  free  extremity,  which  was  further  sub-bifid,  if  I  may 
use  the  expression :  I  mean  that  it  was  surmounted  by  a  narrow 
band  of  fibrous  tissue  and  fat,  about  2^  inches  in  length,  on  either 
side  of  which  it  projected.  At  its  origin  a  thin  fold  of  peritoneiun 
p^assed  from  it  to  the  surface  of  the  bowel,  forming  a  rudimentary 
mesentery  to  the  diverticulum.  Further  examination  showed  that 
the  appendage  arose  from  the  ileum,  exactly  three  feet  from  the  ileo- 
codcal  valve,  a  position  precisely  corresponding  with  other  cases  I 
have  seen  in  the  post-mortem  rooni. 

The  interesting  fact  in  this  case  lies  in  the  position  of  the  diver- 
ticulum upon  the  upper  surface  of  the  liver.  It  must  have  long  been 
there,  and  probably  from  its  close  relation  to  the  Mciform  ligament 
and  the  presence  of  the  subperitoneal  fat  and  fibrous  tissue  at  its  free 
extremity,  it  had  once  been  attached  to  the  umbilical  cord  or  to  the 
abdominal  parietes  at  the  umbilicus.  In  this  way  only,  I  think,  can 
the  curious  looping  up  of  the  ileum  be  explained,  for  it  is  almost 
inconceivable  that  if  the  diverticulum  had  been  always  as  free  firom 
attachment  as  it  was  when  the  subject  died,  it  should  not  have 
become  displaced  and  drawn  deeper  into  the  abdominal  cavity  by  the 
peristalsis  of  the  intestines. 
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Ow  Electrical  Stimulation  op  the  Cerebrum. — ^L.  Hermann 
{PJlilger^a  Arc/nv,  x.  77)  upon  repeating  Hitzig's  experiments  re- 
marked that,  notwithstanding  the  surface  of  the  brain  being  exposed 
for  hours  together  to  the  air,  and  also  in  spite  of  the  surface 
becoming  diy,  still  the  results  of  the  experiment  were  not  af- 
fected thereby.  The  same  result  was  obtained  after  the  destruction 
(by  the  repeated  application  of  acetic  or  nitric  acid)  of  the  *  centre,* 
previously  exactly  mapped  out  on  the  surface.  The  grey  matter  of 
the  cerebnim  was  affected  to  one-third  of  its  depth  by  the  acid.  The 
experiments  were  made  on  middle-sized  dogs.  The  active  area  or 
'  centre '  was  found  to  be  increased  by  increasing  the  strength  of  the 
current  (induced),  though  the  constant  current  was  also  employed. 
In  all  the  other  experiments  a  cork-borer  of  six  or  seven  millimetres 
(about  ^  inch)  in  diameter  was  pushed  into  the  brain,  to  a  depth  of 
one  to  one  and  a  half  centimetres  ('4  to  '6  inch);  the  upper  free 
surface  of  cylinder  of  brain-tissue  thus  produced  was  formed  by  the 
'  cortical  centre.'  On  applying  the  stimulus  (electrical),  the  results 
were  the  same,  and  even  if  the  electrodes  were  sunk  into  the  cavity, 
or  placed  in  its  walls,  exactly  the  same  results  followed.  The  animals 
lived  four  to  five  weeks  afterwards,  and  were  employed  for  other 
purposes.  The  '  area '  was  always  mapped  out  by  a  minimum  current. 
In  some  cases  the  '  area '  was  traversed  by  a  small  sulcus,  in  others 
not.  Hermann  agrees  with  the  other  experimenters  that  electrical 
stimulation,  by  placing  the  electrodes  upon  certain  convolutions,  is 
followed  by  distinct  movements,  but  he  regards  the  conclusion,  that 
motor  centres  lie  at  these  spots,  as  quite  unjustifiable.  Further, 
the  author  observed  in  a  dog,  which  lived  for  several  weeks  after 
the  operation  of  extirpation  of  the  so-called  '  centre '  for  the  right 
hind  foot,  phenomena  such  as  have  been  described  by  other  experi- 
menters (Duret  and  Carville),  but  it  was  distinguished  by  having 
perfect  anaesthesia  of  both  extremities  of  the  right  side,  and  incom- 
plete anaesthesia  of  the  left  hind  leg,  and  the  left  side  of  the  trunk. 
[Lond,  Med.  Bee,  Jan  15,  1876.] 

On  Cauterisation  of  the  Cerebral  Lobes  in  the  Guinea  Pio. 
— Brown-S^uard  {Progrh  Medicals^  1875,  No.  16)  observed  after 
deep  cauterisation  of  one  side  of  the  brain  a  peculiar  spread-out  posi- 
tion of  the  tips  of  the  toes,  but  no  paralysLs  of  the  limbs  of  the 

^  To  assist  in  rendering  this  report  more  complete,  authors  are  invited  to 
send  copies  of  their  papers  to  Dr  Stirling,  Physiological  Laboratory,  Edinburgh 
University. 
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oorresponding  side.  He  refers  this  to  a  disturbance  of  the  '  muscular 
sense'  of  the  corresponding  side.  The  injury  to  the  brain,  which 
produced  paralytic  phenomena  of  the  corresponding  (not  of  the  oppo- 
site) half  of  the  body,  influences,  according  to  the  author,  remote 
parts  of  the  brain,  upon  which  the  normal  functions  of  the  affected 
extremity  depend.     The  establishment  of  this  hypothesis  is  wanting. 

On  the  Motor  Centres  of  the  Encephalon. — Lupine  {GazeUe 
Medicale  de  Fa/ria,  No.  25, 1875)  with  Eochefontaine  and  Tridon,  made 
experiments  upon  the  influence  of  stimulation  of  distinct  parts  of  the 
brain  on  the  blood-pressure,  heart,  and  secretion.  Stimulation  of  the 
postfrontal  convolution  of  a  curarised  dog  with  very  weak  induction 
shocks,  produced  a  pronounced  increase  of  the  blood-pressure  in  the 
crural  artery  (seven  centimetres  of  mercury).  A  certain  time  elapses 
before  the  increase  of  pressure  occurs.  The  same  result  can  be  pro- 
duced by  stimulation  of  the  prefrontal  convolution  and  the  corre- 
sponding part  of  the  sulcus.  If  the  point  of  the  surface  of  the  brain, 
which  in  a  non-curarised  animal  discharges  movements  of  the  opposite 
feet,  is  stimulated  with  veiy  weak  currents,  the  temperature  of  this 
foot  rises  several  tenths  of  a  degree.  The  temperature  of  the  foot  of 
the  opposite  side  rises,  but  not  so  high,  whilst  that  of  the  rectum 
remains  unchanged.  The  vessels  of  the  brain  and  pia  dilate  and 
bleed  more,  but  whether  in  consequence  of  the  vaso-dilator  influence 
of  the  stimulation  on  the  cerebral  vessels,  or  in  consequence  of  the 
increased  blood-pressure,  is  uncertain.  No  such  result  is  observed 
after  stimulation  of  the  sur&ce  of  the  posterior  lobes  or  of  the  dura 
mater.  Stimulation  of  the  spots  which  caused  increase  of  the  blood- 
pressure  accelerated  at  the  same  time  the  heart-beats.  With  intact 
vagi  and  very  strong  current,  there  is  a  diminution  in  the  number  of 
heart-beats.  Stimulation  of  points,  whose  locality  is  not  defined, 
increase  the  secretion  of  saliva.     [Lond.  Med.  Rec.  Feb.  15,  1876.] 

Changes  in  the  Cerebral  Yessels  under  the  influence  op 
THE  external  APPLICATION  OP  Water. — M.  SchUUer  (DetUsch.  Arch. 
/,  Klin,  Med.y  xrv.  566,  CerUrcUblatt,  No.  36)  trepanned  the  skull  of 
rabbits,  and  found  that  an  obstruction  to  the  outflow  of  venous  blood, 
disturbance  of  the  respiration,  or  pressure  on  the  abdomen,  produced 
strong  injection  of  the  pia  mater.  After  section  of  the  vagi  this 
eflect  was  not  produced,  fon  account  of  the  preponderance  of  the 
inspiratory  movements.  Fear,  pinching,  generally  produced  narrow- 
ing of  the  vessels,  sometimes  aStev  previous  dilatation.  Ice  applied 
to  the  exposed  dura  mater  produced  marked  narrowing  of  the  vessels, 
which  was  much  weaker  on  the  side  from  which  the  cervical  sympa- 
thetic and  the  ganglion  supremum  were  excised.  Cold  applied  to 
the  abdomen  produced  an  instantaneous  dilatation  of  the  vessels  of 
the  pia  on  the  uninjured  side,  and  genei*ally  no  change  upon  the 
injured  side.  A  moist  warm  compress  on  the  abdomen,  on  the 
contrary,  produced  narrowing,  which  was  succeeded  by  dilatation 
upon  the  compress  cooling.  Complete  immersion,  as  a  general  rule, 
acted  like  a  compress.     The  injection  of  cold,  and  generally  also  of 
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'warm  water  into  the  rectum  dilated  tlie  vessels.  Packing  with  the 
wet  sheet,  whereby  the  animals  became  sleepy,  was. followed  by  a 
very  temporary  dilatation,  which  gradually  passed  into  constriction. 
Similar  results  were  obtained  during  opium-narcosis,  but  not  by  dry 
packing.  Kubbing  of  the  abdomen  or  back  is  accompanied  with  con- 
striction or  varying  changes  in  the  calibre  of  the  vessels,  but  in  a 
weaker  degree  when  the  sympathetic  and  the  ganglion  supremum  are 
extirpated. 

The  changes  above  described  occurred  also  in  curarised  animals, 
although  in  this  case  the  filling  of  the  vessels  of  the  brain  was  some- 
what less  pronounced.  After  section  of  the  sympathetic  at  the 
second  vertebra,  there  was  a  pronounced  dilatation  of  all  the  vessels 
of  the  pia  mater,  and  the  application  of  water  was  without  any  effact 
u^n  it.  Cold  directly  applied  to  the  freely  exposed  cutaneous  sen- 
sory nervous  trunks  which  issue  upon  the  back  produced  constriction ; 
heat,  dilatation  of  the  vessels  of  the  pia  mater  on  the  same  side. 
Section  of  individual  cutaneous  nervous  trunks  was  accompanied  by  a 
temporary  dilatation  of  the  vessels  of  the  pia  on  the  same  side. 

The  blood-pressure  in  the  carotid,  from  manometric  observations, 
rose  rapidly  when  cold  water  was  applied  to  the  abdomen,  and  then 
fell  considerably;  with  warm  water  applications,  it  was  just  the 
reverse,  with  flat  variations. 

The  occurrence  of  all  these  phenomena  is  explained  by  the  author 
through  the  changes  in  the  supply  of  blood  te  the  vessels  of  the  pia 
in  consequence  of  a  constriction  or  dilatation  of  the  peripheral  current- 
areas  in  the  skin.  The  movements  of  the  heart  and  respiration  are 
only  indirectly  concerned  in  the  result,  at  one  time  assisting,  at 
another  hindering.  The  reflex  influence  of  the  thermal  stimulation 
of  the  cutaneous  nerves  upon  the  vessels  of  the  pia  mater  is,  accord- 
ing to  the  author,  of  subsidiary  importance,  and  acts  rather  in  an 
inhibitory  manner.  The  second  phenomena  which  occur  with  long 
duration  of  the  stimulus,  and  which  are  exactly  opposite  to  the  initial 
phenom^ia,  may  be  explained  by  the  changes  in  the  conditions  in  the 
cutaneous  vessels  and  their  consequences. 

From  the  results  of  his  experiments  the  author  draws  the  follow- 
ing conclusions  regarding  the  therapeutical  employment  of  diflerent 
applications  of  water  to  the  human  organism.  It  produces  (1)  a 
restitution  of  the  normal  vascular  tonus  (specially  of  the  brain); 

(2)  the  restoration  of  normal  blood  and  lymph-currents  in  the  brain ; 

(3)  diminution  of  overfilling  of  the  brain  with  blood  ;  (4)  the  restora- 
tion of  the  normal  nutrition  of  the  nerve-elements ;  and  (5)  of  the 
normal  reflex  relation  between  the  cutaneous  nerves  and  the  brain. 
In  the  insane  a  'methodical '  water-treatment  is  for  the  most  part  not 
to  be  trusted,  because  one  cannot  say  how  far  the  resistance  of  the 
cerebral  blood-vessels  is  to  be  depended  upon. 

Changes  in  the  Brain  in  Traumatic  Inflammation. — L.  Popoff 
{Yircliow'a  ArcLy  xiii.  421,  and  Centralhlatt,  No.  38,  1876)  under 
V.  Recklinpjhausen's  direction  examined  the  brains  of  twelve  in- 
dividuals who  died  of  abdominal  typhus.     In  all  there  were  changes 
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of  an  acute  active  inflammatory  character  in  the  vessels,  in  the 
neuroglia,  and  in  the  ganglionic  cells.  In  the  first  of  these,  viz.  the 
vessels,  the  cells  in  the  walls,  or  the  fat  and  pigment-cells  applied  to 
them,  were  in  a  state  of  proliferation;  in  the  neuroglia  division  of  the 
nuclei,  and  in  the  ganglion-cells,  both  active  proliferation  processes 
and  penetration  of  wandering  cells.  The  former  manifested  them- 
selves in  division  and  increase  in  number  of  the  nuclei,  then  in 
division  of  the  protoplasm,  whereby  the  individual  parts  either  did 
or  did  not  possess  a  nucleus.  With  regard  to  the  occurrence  of  wan- 
dering cells  it  is  to  be  remarked  that  they  lay  partly  around  the  cells 
(in  the  so-called  perivascular  spaces)  and  partly  also  within  the  nerve- 
cells,  and  by  the  penetration  of  sach  cells  division  of  ganglion  cells  is 
often  brought  about.  In  the  preparation  these  wandering  cells  fell 
out  of  the  ganglionic  cells,  so  that  these  latter  appeared  as  if  per- 
forated. Beyond  being  in  and  around  the  ganglion-cells  these  wan- 
dering cells  were  arranged  in  rows  around  the  vessels,  and  here 
and  there  along  the  nerve-fibres,  but  still  preferably  on  the  ganglionic 
cells. 

Essentially  the  same  changes  are  to  be  observed  in  inflammatory 
processes,  and  specially  in  traumatic  inflammations,  which  were  pro- 
duced in  a  variety .  of  ways  upon  dogs  and  rabbits,  only  here  the 
active  changes  in  the  nerve-elements  were  more  pronounced ;  whilst 
in  typhoid  fever  the  penetration  of  the  wandering  cells  was  in  full 
operation  before  the  proliferation  phenomena  in  the  ganglion-cells 
occurred,  and  in  addition  many  granule-cells  appeared  which  were 
quite  absent  in  the  case  of  typhoid  fever.  Very  interesting  are  the 
experiments  in  which  the  author  injected  colouring  matters,  specially 
China  ink,  into  the  brain.  This  curious  result  was  obtained,  that  a 
short  time  afler  the  injection  the  chief  mass  of  the  pigment  lay  in  the 
ganglion-cells,  which  had  evidently  taken  it  up  by  virtue  of  their  own 
forces,  as  wandering  cells  containing  pigment  which  could  have  ac- 
counted for  the  pigment  were  absent,  and  as  nothing  similar  could  be 
produced  in  dead  brains.  At  this  time  gi*anule-cells  were  still  absent, 
but  they  were  present  in  large  quantities,  and  enclosed  the  pigment, 
after  the  inflammation  had  lasted  longer,  whilst  the  pigment  could 
not,  or  could  only  in  a  very  slight  degree,  be  detected  in  the  nerve- 
cells.  The  author  conclades  from  this  that  the  granule-cells  which, 
generally  occur  in  the  brain  in  acute  inflanimation  are  (in  part  at 
least)  changed  nerve-cells. 

In  another  paper  in  the  Centrcdhlatt  the  author  records  the 
results  of  the  examination  of  the  brains  of  three  patients  who  died  of 
exanthematous  typhus  in  the  wards  of  Professor  Botkin,  of  St  Peters- 
burg. In  this  disease  also  the  author  finds  (1)  that  there  is  a 
similar  collection  of  the  wandering  cells  in  the  perivascular  spaces 
such  as  occurs  in  abdominal  typhus;  (2)  there  is  also  penetration  of  the 
wandering  cells  into  the  ganglion-cells,  and  division  of  nuclei  in  the 
latter ;  (3)  infilti'ation  of  the  neuroglia  with  young  wandering  cells  ; 
(4)  the  proliferation  phenomena  in  the  walls  of  the  vessels  are  more 
pronounced  and  extensive  here  than  in  ileo-typhus.  Infiltration  of 
fat  and  pigment  in  the  vascular  walls  may  also  be  observed.   Capillaiy 
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extravasations  are  sometimes  to  be  noted  ;  (5)  an  interesting,  but  at 
the  same  time  very  striking  result  is  the  formation^  in  tjphus,  of 
small  nodules  in  the  substance  of  the  brain.  Thej  were  found  in  the 
cortical  substance  of  the  cerebrum,  cerebellum,  corpus  striatum,  etc., 
and  were  0105-018  millimHre  long,  and  0075 -0*09  millimetre 
broad ;  they  often  had  a  rounded  form.  These  nodules  with  a  low 
power  presented  appearances  very  similar  to  miliary  tubercle.  Like 
the  latter,  they  were  found  generally,  though  not  always,  next  the 
vessels.  With  high  powers  (300  diameters)  these  nodules  were  seen 
to  consist  chiefly  of  indifferent  newly  formed  elements  which  could 
not  be  distinguished  from  lymph- corpuscles  or  white  blood-corpuscles. 
Sometimes  they  consisted  of  such  corpuscles  alone,  and  this  specially  in 
the  peripheral  finely  granular  layers  of  the  cerebrum  and  cerebellum. 
Where,  however,  in  fibrous  tissue  nervous  cellular  elements  were  present 
in  considerable  proportions,  as  in  other  layers  of  the  cerebrum,  in  the 
corpus  striatum,  other  elements,  nearly  as  large  as  the  nuclei  of  the 
ganglion  cells,  entered  into  their  composition.  The  changes  already 
described  in  the  nerve-cells  are  often  very  pronounced  around  these 
nodules.  In  the  first  described  form  of  nodule,  consisting  of  indif- 
ferent elements  like  white  blood-corpuscles,  there  is  never  a  finely 
granular  degeneration  of  the  central  part  to  be  observed  as  is  often 
seen  in  tubercle.  Neither  giant-cells  nor  a  special  stroma  were  to 
be  observed.  These  nodules,  from  their  character  and  origin,  are 
apparently  completely  analogous  to  the  nodules  described  by  Wagner 
as  occurring  in  some  parenchymatous  organs,  such  as  the  liver  and 
kidneys,  in  abdominal  typhus.  These  nodules  were  observed  in  two 
cases  out  of  the  three.  The  relation  of  these  nodules  to  the  brain- 
symptoms,  owing  to  the  epidemic  being  at  an  end,  was  not  made 
out.  In  both  cases  the  patient  died  on  the  fourteenth  day.  [LojuL 
Med.  Hec.,  1875.] 

On  Sleep  produced  by  patiouing-stufps. — ^W.  Preyer,  of  Jena, 
in  a  preliminary  communication  to  the  CeTUrcdbkUt,  No.  35,  1875, 
records  the  results  of  some  experiments  with  salts  of  lactic  acid 
in  the  production  of  sleep.  He  finds,  when  a  concentrated  watery 
solution  of  lactate  of  soda  is  injected  subcutaneously,  or  introduced 
in  large  quantities  into  the  empty  stomach,  that  the  feeling  of 
fatigue,  of  drowsiness,  and  a  condition  similar  to  or  identical  with 
natural  sleep  very  frequently  occurs,  provided  that  strong  stimulation 
of  the  sensory  apparatus  is  withheld.  In  many  cases  also  yawning 
and  sleep  may  occur  when  no  sodic  lactate  is  introduced  directly,  but 
when  the  conditions  are  present  for  the  abundant  formation  of  this 
sxibstance  in  the  intestine,  as  by  drinking  highly  concentrated  sugar 
solution,  etc.  There  are  great  variations  both  in  the  period  of 
occurrence,  duration  and  intensity  of  the  sleep.  It  differs  with  the 
age,  size,  reflex  activity  of  the  animaL  [Lond.  Med.  Bee.  Dec.  15th, 
1875.] 

On  the  Quantity  op  Water  in  the  Human  Central  Nervous 
System. — M.  Bernhardt  (Virchoufs  Archiv,  lxiv.  297)  finds  from  his 
analysis  that  the  mean  value  of  the  quantity  of  water  in  the  spinal 
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cord  of  patients  wlio  died  from  yarions  diseases  is,  for  the  cervical 
part,  7 3 '05  per  cent,  water;  for  the  lumbar  region,  76-04;  results 
which  correspond  pretty  closely  with  those  of  Bischoff,  but  are 
higher  than  those  of  t.  Bibra.  The  cortical  portion  of  the  brain 
gave  a  mean  value  of  85*86  per  cent.,  while  the  white  matter  only 
gave  70 '08  per  cent.;  that  of  the  sympathetic,  64*30  per  cent. 

The  course  of  the  Motor  jlsd  Sexsory  Paths  ih  the  Lumbar 
Portion  of  the  Spikal  Cord  of  the  Babbit. — C.  Woroschiloff 
(Ludung's  Arbeiten,  ix.  99).  The  previous  observations  by  Miescher, 
Nawrocki  and  Dittmar  had  shewn  that  in  rabbits  the  lateral 
columns  of  the  spinal  cord  contain  the  nerve-fibres  both  afferent 
and  efferent,  which  are  concerned  in  the  production  of  a  refiex 
contraction  of  blood-vessels,  due  to  au  irritation  of  the  sciatic  nerve. 
To  ascertain  whether  the  channels  of  reflex  and  voluntary  movement 
of  the  trunk  and  limbs  also  lie  in  the  same  region  of  the  cord, 
Woroschiloff  was  compelled  to  modify  in  several  respects  the  methods 
adopted  by  the  above-named  observers.  The  necessity  of  observing 
the  contractions  of  the  voluntary  mascles  prevented  curara  being 
used  to  render  the  animal  motionless.  This  was  accomplished  by 
means  of  a  double  clamp,  which  was  screwed  firmly  upon  the 
vertebral  column  above  and  below  the  point  where  the  spinal  canal 
was  laid  open  by  the  removal  of  the  arch  of  one  of  the  vertebrae. 
The  same  clamp  also  gave  support  to  a  small  apparatus  by  means 
of  which  delicate  blades,  cutting  in  planes  parallel  to  the  longitudinal 
axis  of  the  body,  could  be  adjusted  in  any  desired  position,  and  then 
thrust  with  great  precision,vertically,  horizontally  or  obliquely,  through 
the  substance  of  the  spinal  cord.  After  section  the  wound  was 
carefully  sewed  up,  and  the  results  of  the  operation  observed.  The 
sections  were  all  made  at  the  level  of  the  last  dorsal  vertebra. 

A  systematic  study  was  made  of  the  effect  of  the  mutilation, 
first,  on  the  production  of  reflex  actions  due  to  irritation  by  pressure 
and  electricity  applied  to  the  feet  and  ears  of  the  animal;  secondly, 
on  the  jiosition  of  the  hind-limbs  both  at  rest  and  in  movement ; 
and,  thirdly,  on  the  production  of  movement  in  the  hind-limbs 
due  to  irritation  by  induced  currents  applied  to  the  cord  just  below 
the  calamus  scriptorius.  The  animal  was  usually  killed  about  five 
hours  after  the  opeiution,  and  a  careful  microscopic  examination 
was  made  of  the  part  of  the  cord  operated  on.  The  microscopic 
sections  were  photographed  with  a  magnifying  power  of  twenty-five 
diametersw  The  paper  contains  a  aeries  of  beautiful  heliotype  plates 
obtained  in  this  way. 

After  division  of  the  anterior  and  posterior  columns,  and  nearly 
the  whole  of  the  grey  substance,  no  disturbance  of  the  transmission 
of  motor  or  sensitive  impressions  through  the  cord  was  detected. 
The  animal  sits  and  moves  in  a  perfectly  normal  maimer. 

Section  of  both  lateral  columns  entirely  prevents  the  trans- 
mission of  impressions  through  that  region  of  the.  cord.  Irritation 
of  one  hitid-leg  causes  reflex  movements  of  the  same  leg,  or,  if  the 
irritation  be  a  strong  one,  of  the  opposite  leg  also.     Irritation  of  a 
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fore-leg  causes  movement  in  the  anterior  but  not  in  the  posterior 
part  of  the  body.  Irritation  of  the  cervical  cord  causes  movements 
in  all  the  muscles  of  the  body  except  those  of  the  hind-limbs. 

Section  of  the  posterior  columns  alone  is  absolutely  without 
effect  on  the  condition  of  the  animal.  There  is  nowhere  hypersesthesia 
nor  ansesthesia. 

Other  modifications  of  the  experiment  were  made,  and  the  general 
result  shewed  that  the  channels  of  motor  and  sensory  impressions  lie 
in  the  lateral  and  not  in  the  anterior  and  posterior  colunms  of  the 
cord.  This  is  in  opposition  to  the  generally  received  opinion  of 
physiologists.  Many  other  modifications  of  the  experiment  were 
performed,  and  the  general  results  may  be  stated  as  follows  : — 

Motor  and  sensory  nerve-fibres  are  found  in  all  parts  of  the 
lateral  columns. 

Sensory  fibres  from  both  hind-limbs  are  found  in  each  hind- 
lateral  column^  but  the  fibres  in  either  column,  which  come  from 
the  leg  on  the  opposite  side,  are  capable  of  producing  stronger  reflex 
movements  in  the  anterior  part  of  the  body  than  are  called  forth  by 
excitation  of  the  fibres  which  come  from  the  leg  on  the  same  side 
(crossed  hypersasthesia). 

The  centripetal  fibres  whose  excitation  produces  these  strong 
reflex  movements,  as  well  as  those  whose  section  on  the  opposite 
side  gives  occasion  to  them,  lie  in  the  middle  third  of  the  lateral 
columns,  while  the  anterior  and  posterior  thirds  contain  sensory 
fibres  which  call  forth  movements  of  only  moderate  intensity  in  the 
anterior  part  of  the  body. 

Motor  fibres  for  both  legs  are  found  in  each  lateral  oolunm, 
but  the  motor  fibres  in  different  parts  of  these  colunms  are  called 
into  activity  in  different  ways.  The  reflex  movements  due  to 
irritation  of  a  fore-leg  can  be  excited  in  a  hind-limb  only  when  the 
anterior  half  of  the  lateral  column  on  the  same  side  is  preserved. 

The  coordinated  movements  of  sitting  and  springing,  and  those 
produced  by  irritation  of  the  cervical  cord,  are  transmitted  to  each 
hind-limb  through  the  middle  third  of  the  lateral  eolumn  on  the 
same  side. 

The  fibres  which  preside  over  coordinated  movements  of  the 
hind-limbs,  as  well  as  those  whose  section  causes  hypenesthesia  on 
the  side  of  the  injury,  lie  in  those  parts  of  the  lateral  columns 
which  are  nearest  to  the  gray  substance.  The  motor  fibres  of  the 
foot  and  leg  proper  seem  to  lie  in  the  lateral  columns  externally  to 
those  of  the  thigh.  (Fuller  report  in  the  JSo9ton  Med.  and  Surg. 
JauTTuil,  1875.) 

On  the  Summation  of  Electrical  Stimuli  applied  to  the 
Skin. — Wm.  Stirling,  Ludung*8  Arbeitm,  ix.  223,  and  Journal  of 
Anat.  and  Phya.  x.  324. 

^'On  Motor  Centres  in  the  Cerebral  Convolutions.''  Dalton 
and  others  in  the  New  York  Med.  Joum.  March,  1875  (Abstract  in 

Lond.   Med.   Rec.  No.    125). ''On   the  Eeflex    Actions  of   the 

Brain,  in  the  Normal  and  Morbid  Conditions  of  their  Manifesta- 
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tions."     Luys,  an  Abstract  in  the  Annalea  Medico-Psi^ehologiqueSf 

and    Lond,    Med.    Reo.    No.    121,    1875. "Physiology    of   the 

Cerebro-Spinal   Nerrous    System,"     par   Dr     E.    Fonmi^     Paris, 

A.    Delahaye. "  On  the  Vaso-Motor  Centres  and  their  Mode  of 

Action,"  Bfasius  and  Yaulair,  Gcu,  HtbdoTnad.  No.  41,  Abstract 
in  L(md,  Med,  Rec.  Nov.  15th,  1875. 

*'  On  the  difference  in  the  Keflex  Actions  of  the  Medulla  and 
Spinal  Cord  of  the  Rabbit."    Ph.  Owsjannikow,  Ludwig*8  ArbeUeny 

IX.  308. «  Physiology  of  the   Brain,*'  R   Danilewsky,  Ffiuger's 

Arch.  zi.    128. "Experimental  Investigations  on  the  simplest 

Psychical  Processes,"  S.  Exner,  FJtilgei^s  Arch,  xl  403,  and  581. 

On  the    Yaso-Dilatob   Action  of   the  Glosso-Phabtngkil 

NbBVE   Otf  THE  YeBSELS  OF   THE  MuCOUS  MeMBEANE   AT  THE   BaBE 

OF  THE  Tongue. — A.  Yulpian  {Comptes  Bendvs,  lxxx.  330)  shows 
that  the  glosso-pharyngeal  is  the  vaao-dilator  nerve  for  the  posterior 
parts  of  the  lingual  muoous  membrane,  just  as  the  chorda  tympani 
is  for  the  anterior  part  of  the  tongue.  Electrical  stimulation  of  the 
glosso-pharyngeal  produces  intense  redness  of  the  part  of  the  tongue 
supplied  by  that  nerve.  Further,  the  author  has  convinced  himself 
that  after  destruction  of  all  anastomoses,  this  action  of  the  glosso- 
pharyngeal nerve  remains  the  same.  [Land.  Med.  Rec.  Nov.  15th, 
1875.] 

On  the  Innervation  op  the  Vessels  of  the  Web  of  the 
Fboo's  Foot. — D.  Huizinga  {Ffiiugefi'B  Archiv,  xi.  207)  in  his  paper, 
confirms  the  results  of  CloltE,  Tarchanofi^  Putzeys,  dnx  Ab  is  well 
known,  the  doctrine  of  the  innervation  of  ve^ds  has  undergone 
remarkable  changes  within  even  a  short  period.  At  first  it  was  a 
tolerably  simple  affidr,  so  long  as  it  was  imagined  that  the  vaso-motor 
centre  for  the  entire  body  lay  in  the  medulla  oblongata  and  that 
the  vaso-motor  fibres  were  distributed  in  all  directions  through  the 
sympathetic.  Later  discoveries  have,  however,  necessitated  changes 
ia  this  relatively  simple  theory.  First  there  were  the  vaso-dilator 
nerves ;  then  the  vascular  reflex  action  upon  sensory  stimulation ;  then 
fajdts  that  seemed  to  show  that  the  vaso-motor  centres  are  distributed 
throughout  the  whole  spinal  eord;  and  lastly,  the  view,  supported 
on  more  or  less  good  grounds,  that  the  size  of  ike  lumen  of  the  vessel 
does  not  d^^nd  upon  spinal  nerv&<^lla  aloi^e,  but  is  also  controlled 
by  nerve-cells  situated  peripherally. 

The  author's  experiments  were  made  upon  the  web  of  freshly 
caught,  strong  examples  of  Eana  temporaria,  which  is  to  be  preferred 
because  it  contains  fewer  pigment-ceUs  to  obstruct  the  view  of  the 
vessels.  The  animals  were  curarised  with  a  solution  of  cnrara, 
which  took  twenty  to  thirty  minutes  to  operate.  Sometimes,  though- 
rarely,  a  solution  of  strychnine  waa  employed  to  increase  the  reflex 
activity;  and  in  an  animal  previously  curarised,  a  larger  dose  of 
strychnine  was  required  to  produce  the  result  The  size  of  the 
arteries  was  measured  either  by  an   eyepiece   micrometer^  or  the 
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size  of  the  vessels  was  drawn  by  means  of  a  camera  ludda.  The 
finiTnAl^  must  not  be  too  strongly  curarised,  else  the  rhythmical 
movements  normally  to  be  observed  in  the  arteries  are  not  to  be 
observed,  although  the  vaso-motor  nerves  retain  their  excitability 
undiminished. 

In  order  to  test  the  independence  of  the  rhythmical  contractions 
in  the  arteries  from  the  spinal  vaso-motor  centres,  the  sciatic  plexus 
and,  for  greater  security,  the  sciatic  nerve  on  one  side^  were  divided, . 
or  even  a  part  of  the  nerves  excised,  and  the  animal  left  to  itself  for 
one  or  two  days  to  recover  from  the  effects  of  the  operation. 

In  the  web  of  the  foot  so  operated  on,  the  most  beautiful 
rhythmical  contractions  are  to  be  observed,  whilst  the  reflex  con- 
traction, on  pinching  the  fore-foot,  is  entirely  absent,  thus  showing 
that  the  contraction  with  the  destruction  of  the  spinal  centres  is  com- 
pletely abolished.  On  the  uninjured  side  reflex  movement  occurred. 
Further,  this  experiment  shows  that  the  rhythmical  movements 
of  the  vessels  do  not  proceed  from  the  spinal  cord,  confirming  the 
results  of  Gunning  on  the  web  of  the  frog's  foot,  of  Koever  on  the 
ear  of  the  i-abbit,  and  of  Asp  on  the  splanchnics.  In  addition,  the 
rhythmical  contractions  do  not  occur  in  all  the  arteries  of  the  web 
simultaneously.  The  author  is,  therefore,  of  the  opinion,  like  Lister, 
Goltz,  Tarchanoff,  Putzeys,  that  the  cause  of  these  movements  is  to 
be  sought  for  in  local  nerve- centres,  leaving,  however,  undecided 
whether  the  impulse  for  these  movements  proceeds  from  peripheral 
nerve-cells  placed  along  the  vessels,  or  arises  independently  of  such 
organs  in  the  muscles  of  the  vessels. 

In  addition  to  the  rhythmical  movements  very  pronounced  reflex 
movements  of  the  muscles  of  the  vessels  are  to  be  observed.  The 
author  finds  that  when  stimuli  (mechanical  or  electrical)  are  applied  to 
the  skin,  whether  the  application  is  followed  by  contraction  or  dilata- 
tion of  the  arteries  of  the  web,  depends,  on  the  one  hand,  on  the  dis- 
tance of  the  stimulated  area  from  the  web,  and,  on  the  other,  on 
the  intensity  of  the  stimulation  ;  so  that  with  diminishing  distance 
and  increasing  strength  of  stimulus  dilatation  prevails. 

In  an  experiment  on  a  frog  whose  lumbar  portion  of  the  spinal 
cord  was  destroyed  the  day  previous,  the  author  observed  that  a 
reflex  contraction  which  occurred  on  stimulating  the  fore^foot  was 
entirely  abolished  when  the  sympathetic  nerve  accompanying  the 
aorta  was  divided  between  the  third  and  fourth  ganglia^ 

In  a  frog  whose  spinal  cord  was  desti'oyed  the  day  previous 
from  below  the  fourth  vertebra,  no  reflex  contraction  of  the  vessels 
was  produced  on  pinching  the  posterior  extremity,  though  this  result 
followed  pronouncedly  when  the  anterior  extremity  was  pinched. 
A  weak  solution  of  amyl  nitrite,  suspended  in  water  and  applied 
to  the  web  of  the  foot,  was  followed  at  once  by  dilatation  of  the 
vessels  of  the  web,  which  reached  its  maximum  in  a  few  seconds, 
and  lasted  for  ten  to  twenty  minutes.  The  vessels  then  returned 
to  their  normal  calibre.  At  the  maximum  of  dilatation,  pinching 
the  fore-foot  was  followed  by  a  quite  normal  reflex  contraction  of 
the  vessels  of  the  web. 
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From  this  experiment  the  author  concludes : 

(a)  That  amyl  nitrite  does  not  paralyse  the  muscular  tonus  of  the 
vessels. 

(6)  Neither  does  it  paralyse  the  yaso-motor  nerves,  nor  their 
end-organs. 

(c)  The  dilatation  of  the  vessels  after  the  application  of  amyl 
nitrite  cannot  otherwise  be  explained  than  that  this  substance  ex- 
tinguishes the  tonus  of  the  peripheral  nerve-cells  (the  so-called  local 
vaso-motor  centres)  placed  along  the  vessels.  [Lond.  Med.  Rec.  Dec. 
15th,  1875.] 

On  Vaso-dilator  nerves. — Groltz,  with  the  co-operation  of  Drs 
Freusberg  and  Gergens  {PJluger'a  Archiv,  Band  xi.  p.  52),  has  con- 
tinued and  extended  his  researches  upon  this  subject  (Joum,  o/Anat, 
and  Fhya,  ix.  408).  Qoltz  explains  the  dilatation  which  occurs  after 
section  of  nerves,  not  by  a  paralysis  of  vaso-constrictor  nerves,  but  rather 
as  the  result  of  the  stimulation  of  vasodilator  fibres.  In  accordance 
with  the  results  of  Putzeys  and  Tarchanoff  {Joum,  ofAnaL  and  Phys. 
IX.  408),  the  author  corrects  a  mistake  in  his  previous  observations,  and 
agrees  with  these  authors,  that  in  many  cases  the  effect  of  electrical 
and  chemical  stimulation  of  the  sciatic  nerve  is  at  first  to  cause  a  con- 
traction of  the  vessels  of  the  foot,  of  short  duration,  before  the  very 
pronounced  dilatation  occurs.  Goltz,  however,  does  not  accept  tlie 
explanation  of  Putzeys  and  Tarchanoff.  The  method  of  experiment- 
ing is  the  following.  The  spinal  cord  of  a  strong  young  dog  is 
divided  in  the  lumbar  region.  After  the  wound  has  healed,  both 
sciatic  nerves  are  dissected  out  and  divided,  and  a  period  of  time  is 
allowed  to  elapse  till  the  elevated  temperature  of  the  hind-limbs  has 
begun  to  decrease  somewhat  The  idea  of  the  author  was,  that  if 
simple  section  of  the  sciatic  nerve  acts  as  a  stimulus,  this  stimulus 
may  be  perhaps  greatly  increased,  by  making  methodically  a  large 
number  of  sections  of  l^e  nerve.  The  result  showed  that  the  foot, 
whose  nerve  was  only  once  divided,  was  generally  ten  degrees  cooler 
than  the  foot  whose  nerve  was  cut  away  or  divided  in  repeated  small 
discs.  Powerful  dogs,  full-blooded,  and  with  good  appetites,  are 
required  for  these  experiments.  According  to  l£e  author^s  hypothe- 
sis, repeated  pinching  or  section  of  the  nerve  produces  a  stimulation 
of  the  vaso-dilator  nerves.  The  vessels  relax  at  the  peripheiy, 
similar  to  the  stoppage  of  the  heart's  action,  when  the  vagus  is 
stimulated.  When  the  vessels  have  relaxed,  t.«.  when  their  tonus 
disappears  more  and  more,  there  is  not  necessarily  a  pronounced 
dilatation  of  the  lumen  of  the  vessels.  This  will  only  become  clearly 
pronounced  when  there  is  a  sufficient  amount  of  blood  to  fill  the 
relaxed  vessels  corresponding  to  their  diminished  elasticity.  The 
pronounced  vasctdar  dilatation  and  the  increase  of  temperature  will 
accordingly  only  occur  when  the  general  arterial  blood-pressure  is 
high  and  remains  high. 

What  the  author  means  by  the  term  'stimulation  of  vaso^lilator 
nerve-fibres,'  is,  that  simple  or  repeated  section  of  the  nerves  pro- 
duces a  peculiar  change  in  the  condition  of  the  nerves,  in  conse* 
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quence  of  which  a  something  is  propagated  in  the  nerve^  which 
causes  a  vascular  dilatation  in  that  area  in  which  the  peripheral 
expansion  of  the  nerve  takes  place. 

Hammering  the  nerves  by  means  of  Heidenhain's  tetanomotor, 
also  produces  a  similar  dilatation  of  the  vessels  of  the  feet,  just  like 
methodical  pinching  of  the  nerve. 

A  chemical  stimulus,  in  the  form  of  concentrated  sulphuric  acid, 
applied  to  the  sciatic  nerve  of  a  guinea-pig  prepared  as  above,  gave 
the  same  result,  though  the  author  could  not  be  certain  whether  the 
foot  of  the  stimulated  leg  became  paler  at  the  beginning  of  the  stimu- 
lation than  before  it. 

A  very  curious  phenomenon  was  observed  when  the  sciatic  nerve 
of  a  kitten  was  stimulated  by  induced  electricity,  viz.  the  foot  began 
to  sweat.  The  author  therefore  concludes,  that  in  the  sciatic  nerve 
of  the  cat  fibres  are  present  which  supply  the  sweat-glands.  Only  in 
two  cases,  however,  was  this  effect  observed  in  dogs,  who,  as  is  well 
known,  possess  sweat-glands  in  the  pads  of  the  feet  [and  also  in  the 
skin  over  the  surface  of  the  body  generally. — EepJ],  In  many  ex- 
periments a  cooling,  t.  e,  constriction  of  the  vessels  of  one  leg  occurred, 
when  in  the  other  leg  vascular  dilatation  was  artificially  produced. 
It  is  very  probable,  the  author  thinks,  that  the  vascular  constriction 
is  not  referable  to  an  increased  tonus,  but  is  to  be  explained  on 
purely  physical  grounds,  by  a  sudden  diminution  of  the  resistance  in 
the  vessels  of  the  other  leg. 

After  simple  or  repeated  section  of  the  sciatic  nerve  in  dogs,  the 
author  never  observed  that  the  dilatation  of  the  vessels  was  preceded 
by  contraction,  although  he  remarks  that  if  the  contraction  was 
sufficiently  short  it  might  elude  observation.  This  contraction  of  the 
vessels  after  section  of  the  spinal  cord  is  well  established  for  the  frog. 

From  the  rapidity  with  which  the  vascular  tonus  is  re-established 
after  section  of  the  nerves,  the  author  concludes,  that  the  tonus  must 
be  kept  up  by  arrangements  which  lie  beyond  the  great  nerve-centres, 
probably  in  the  vascular  wall.  The  tonus  was  soon  re-established  in 
the  vessels  of  the  leg  of  the  dog  aftet  section  of  both  the  sciatic  and 
crural  nerves.  The  author  shows  in  another  way,  that  the  tonus  of 
the  paralysed  limb  does  not  depend  on  the  great  nerve-centres. 

Section  of  the  spinal  cord  can  produce  vascular  dilatation,  not 
only  in  the  hinder  but  also  in  the  anterior  part  of  the  body.  The 
whole  plexus  brachialis  in  a  dog,  on  one  side,  was  divided,  and  when 
the  temperature  of  both  fore-limbs  had  become  nearly  alike,  generally 
in  from  seven  to  fourteen  days,  the  spinal  cord  was  divided  between 
the  thoracic  and  lumbar  poi-tions.  There  then  occurred  a  considerable 
difference  in  the  temperature  of  the  two  fore-feet,  that  of  the  paralysed 
side  having  become  notably  diminished.  The  temperature  of  the 
sound  side  rose  or  remained  the  same.  From  this  it  appears,  that  in- 
jury to  the  spinal  cord  acts  similarly  both  on  the  fore  and  hind  parts 
of  the  body.  According  to  the  author,  injury  to  the  spinal  cord  can- 
not exercise  any  influence  on  the  tonus  of  the  vessels  through  nervous 
channels.  The  tonus  being  sustained  by  the  hypothetical  end-arrange- 
ments in  the  paralysed  part,  these  being  no  longer  influenced  by 
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nervous  excitations  proceeding  from  the  great  centres,  still  thej  may 
not  be  completely  independent  of  the  body.  Every  change  in  the 
blood-pressure  in  the  aorta  may  alter  the  diameter  of  the  vessels  in 
the  paralysed  part,  and  it  seems  to  the  author  very  probable  that  the 
tonus  of  the  vessels  of  the  paralysed  side  is  increased  by  the  sudden 
diminution  of  the  blood-pressure  acting  locally  on  -the  isolated  end* 
organs.  In  experiments  where  double  section  of  the  spinal  cord  was 
performed  at  long  intervals,  e,g,  first  in  the  lumbar  region,  and  then 
in  the  fore  part  of  the  thoracic  region,  it  was  found  that  the  hind-feet, 
immediately  after  the  second  section,  became  greatly  cooled,  while  the 
fore-feet  became  warmer.  This  shows,  that  in  an  animal  with  divided 
spinal  cord,  the  tonus  of  the  vessels  of  the  hind-feet  are  governed  fixtm 
foci  other  than  those  of  the  fore-feet.  The  peculiar  reflex  actions  of 
the  hind  part  of  the  body  were  influenced  by  the  second  section.  The 
author  thinks  that  this  experiment  supports  the  view  that  the  cause 
of  '  shock '  is  to  be  sought  in  '  inhibitory  processes,'  which  are  propa- 
gated in  nervous  channels. 

The  most  pronounced  vascular  dilatation  can  be  produced  by 
placing  the  paralysed  limb  in  a  freezing  mixture.  When  the  foot  is 
taken  out  of  the  mixture  its  temperature  is  little  short  of  that  of  the 
blood  itself. 

Yariations  in  the  temperature  of  the  air  of  the  room,  however, 
produce  extreme  changes  in  the  diameter  of  the  Tessels  of  the  para- 
lysed limbs.  The  tonus  in  the  paralysed  limb  varies  with  a  change 
in  certain  internal  conditions — probably  blood-pressure,  the  quantity 
of  bloody  temperature  or  change  in  the  composition  of  the  blood,  may 
influence  it,  but  these  the  author  has  not  sufficiently  studied. 

With  regard  to  the  end-arrangements  in  the  sound  limb,  the 
author  imagines  that  they  are  equivalent  to  the  nervous  arrangements 
upon  which  the  activity  of  the  excised  heart  depends,  and,  just  as 
Yolkmann  maintained  that  the  ganglionic  cells  are  the  immediate 
central  organs  for  the  cardiac  movements,  so  are  the  hypothetical 
ganglionic  cells  in  the  walls  of  the  vessels  the  immediate  centres  for 
the  vascular  tonus.  In  sound  limbs,  the  activity  of  these  end-arrange- 
ments can  be  powerfully  influenced  by  the  great  nerve-centres. 

The  reasons  why  the  author  regards  the  vascular  dilatation  as  a 
result  due  to  stimulation,  which  must  be  explained  by  an  increased 
activity  of  the  divided  nerve,  are:  (1)  the  vascular  dilatation  dis- 
appears tolerably  rapidly,  because  the  stimulus  becomes  exhausted; 
(2)  repeated  section  of  i^e  peripheral  end  of  the  nerve  increases  the 
dilatation ;  (3)  every  other  form  of  mechanical  stimulation  produces 
the  same  result ;  (4)  continued  chemical  or  electrical  stimulation  of 
the  nerve  always  produces  a  degree  of  vascular  dilatation,  which  greatly 
exceeds  that  which  is  present  before  the  stimulation. 

Goltz  is  of  opinion,  that  those  cases  where  occasionally  sectign  of 
the  sympathetic  in  the  neck  is  not  followed  by  its  usual  results  sup- 
port his  hypothesis.  He  also  cites  the  division  of  the  nervi  errigentes, 
and  one  on  which  he  lays  more  weight,  viz.  Vulpian's  experiment  of 
section  of  the  lingual  nerve  being  followed  by  dilatation  of  the  vessels 
of  the  corresponding  half  of  the  tongue,  and  the  increase  of  this  dila- 
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tation  on  the  peripheral  end  of  the  nenre  being  stimulated ;  and  he 
also  cites  the  same  author's  more  recent  experiment  on  section  of  the 
glosso-pharjngeal  nerve  having  a  similar  action  on  the  posterior  part 
of  the  tongue,  as  supportiDg  his  view  (Joum,  of  Anat  and  Phys. 
X.  Part  m.). 

The  author  concludes  that  the  spinal  cord  is  undoubtedly  an  inde- 
pendent reflex  vaso-motor  centre.  It  has,  however,  not  been  proved 
that  this  centre  continuallj  sends  tonic  excitations  to  the  vaso-con- 
stricter  nerves*  The  dilatation  of  the  vessels  observed  after  injury  to 
the  spinal  eord,  and  which  are  regarded  as  a  consequence  of  the  inter- 
rupted activity  of  this*  organ,  are  much  more  the  result  of  the  stimula- 
tion of  vaso-dilator  nerves.    {L(ynd,  Med,  Eec,  Jan.  15th,  1876.) 

On  the  Reflex  Actions  of  the  Tendons. — Several  papers  have 
appeared  upon  this  somewhat  novel  subject  lately,  including  those  of 
W.  Erb  (ArchivfUr  Fn/ehicUrie,  Band  ▼.  p.  792),  C.  Westphal  {Ibid. 
p.  803),  and  A.  Joffroy  (Gaaette  Medicare  de  Farisj  Nos.  33  and  35), 
all  of  which  are  reviewed  in  the  CerUrcUblatt  fiir  die  Medicinischen 
Wissensch^ajten,  No.  54,  1875.  Erb  noticed  these  reflex  actions  of 
tendons  in  the  healthy  subject,  but  more  pronouncedly  in  many 
patients  suffering  from  disease  of  the  spinal  cord.  In  the  quadriceps, 
a  prompt  contraction  of  the  whole  muscle,  resulting  in  powerful 
movement  of  the  leg,  is  produced  by  gently  touching  the  region  of 
the  ligamentum  patellae,  when  the  knee  and  thigh  are  slightly  bent. 
The  author  calls  this  a  'patellar  tendon  reflex,'  and  shows  that  it 
does  not  proceed  from  the  skin,  and  can  only  arrive  from  the  tendon 
and  its  diirect  continuation  (no  stimulation  of  the  skin,  no  tapping 
the  surrounding  parts,  can  produce  the  reflex  action),  and  that  it  is 
specially  or  exclusively  the  mechanical  stimulus  which  discharges 
this  reflex  action.  In  a  patient  suffering  probably  from  commencing 
sclerosis  of  the  lateral  columns  the  author  could  produce  not  only 
reflex  action  of  the  patellar  tendon,  but  reflex  contractions  could  also 
be  produced  in  a  similar  way,  and  in  many  other  musculo-tendinous 
areas  of  the  body,  such  as  from  the  tendon  of  the  triceps  of  the  upper 
ai-m,  and  most  peculiar  of  all  from  the  tendo  Aohillis,  when  suddenly 
placed  upon  the  stretch  by  rapidly  flexing  the  foot  dorsally.  On 
continuing  the  pressure,  clonic  contractions  appear,  in  that  the  foot 
being  extended  by  the  contraction  of  the  tendo  Achillis  is  brought 
back  into  the  old  position  by  the  continuing  passive  dorsal  flexion,  in 
which  the  extension,  and  therewith  the  stimulus  to  the  contraction 
of  the  tendo  Achillis,  arises.  These  clonic  spasms  are  not  caused  to 
cease  by  sudden  plantar  flexion  of  the  great  toe  (Brown-S6quard), 
when  at  the  same  time  there  is  not  a  powerful  flexion  of  the  whole 
foot.  Then  the  clonic  spasms  cease.  The  physiological  and  the 
pathological  importance  of  these  tendon-reflexes  are  only  indicated 
by  the  author.  Westphal,  like  Erb,  also  observed  the  occurrence  of 
the  above  described  phenomena.  The  phenomena  described  by  Erb 
as  '^ plantar  tendon  reflex'*  is  called  by  Westphal  "leg-phenomenon,*' 
the  clonic  contractions  of  the  foot  caused  according  to  Erb  reflexly  by 
stretching  of  the  tendo  Achillis,  Westphal  calls  *  foot-phenomenon.* 
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From  a  clinical  point  of  view,  Westphal  noticed  the  foot-pbenomenon 
in  the  hemipl^ica  (not  in  quite  sound  persons)  at  the  earliest  during 
the  first  week  after  the  attack.     In  the  laier  stages  its  occurrence  is 
almost  to  be  regarded  as  the  rule.     It  also  occurs  in  spinal  parapl^cs, 
or  in  weak  persons  onlj  in  one  lower  limb  from  spinal  disease, 
special  1 J  in  those  forms  of  paraplegia  which  are  accompanied  by  con- 
tinued rigidity  of  the  entire  muscular  structure  of  the  lower  extremity. 
Westphal  also  r^ards  the  assertion  of  Brown- S6quard«  that  plantar 
flexion  of  the  great  toe  is  able  to  interrupt  the  clonic  spasms,  as 
erroneous,  and  explains  the  occurrence  of  the  phenomenon  caused  by 
the  plantar  flexion   of  the   whole  foot.     The    foot-phenomenon   is 
always  wanting  in  the  pronounced  clinical  symptoms  of  tabes  dorsaUs. 
The  leg-phenomenon  generally  occurs  where  the  foot-phenomenon 
occurs;  not  unfrequently  there  are  exceptions  to  this  rule.    Only  this 
is  certain,  that  it  is  absent  in  all  undoubted  cases  of  tabes  dorsalis. 
In  grey  degeneration  of  the  posterior  columns,  proved  by  pathological 
examination,  both  phenomena  are  absent,  but  are  to  be  met  with  in 
the  most  different  affections  of  the  brain  (embolus,  tumour,  haemor- 
rhage), and  in  the  spinal  cord  in  primary  myelitis  or  that  caused  by 
disease  of  the  Tertebrie,  when  the  grey  substance  is  not  too  deeply 
involved,  or  large  parts  of  the  dorsal  and  lumbar  portions  of  the 
spinal  cord  are  not  completely  destroyed.     Westphal  is  inclined  to 
ascribe  tlie  phenomena  of  the  contraction  to  a  direct  mechanical  exci- 
tation of  the  corresponding  muscles,  hy  svdden  stretching  or  vibration 
of  the  tendon^  for  one  cannot  explain  the  phenomena  as  produced 
reflexly  through  sensory  muscular  nerves,  as  long  as  the  existence  of 
sensory  muscular  nerves  is  a  subject  of  controversy,  and  with  regard 
to  reflexes  which  result  from  tendons  we  up  to  the  present  know 
nothing.     For  the  pathological  cases  the  author  believes  that  the 
continued  abnormal  condition  of  contraction  of  the  quadriceps  and  of 
the  muscles  of  the  calf,  which  makes  them  more  susceptible  of  mechani- 
cal stimuli,  plays  a  certain  part.    The  author  from  his  anatomico-patho- 
logical observations  is  of  opinion  that  a  defect  in  the  conduction  of 
the  lateral  columns  stands  in  causal  connection  with  the  phenomena. 
This  is  certain,  that,  when  both  phenomena  occur,  no  grey  degen- 
eration of  the  posterior  columns  stretching  to  the  lower  dorsal  and 
lumbar  portions  of  the  spinal  cord  is  present.     As  to  the  cause  of  the 
occurrence,  Westphal  is  inclined  to  ascribe  the  phenomenon  of  the 
contraction  to  a  direct  mechanical  eocdtatvon  of  the  corresponding 
muscles,  through  tension  or  vibration  of  the  tendons;  for  to  assume 
that  they  are  reflex  actions  caused  through  sensory  muscular  nerves 
cannot  be  admitted  as  long  as  the  existence  of  sensory  muscular 
nerves  is  still  a  controverted  question,  and  up  to  the  present  he 
knew  nothing  of  reflex  action  resulting  from  tendons.     In  patho- 
logical cases  the  author  believes  that  the  continued  abnormal  con- 
dition of  contraction  of  the  quadriceps  and  muscles  of  the  calf,  which 
render  them  more  susceptible  for  mechanical  stimuli,  plays  a  certain 
part. 

According  to  Joffroy,  the  above-described  phenomena  are  reflex, 
and  they  can  be  produced  by  actual  muscular  extension  (which  the 
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author  regards  as  of  more  importance  for  the  occurrence  of  the  pheno- 
mena than  stimulation  of  the  tendons),  as  well  as  by  stimuli  applied 
to  the  skin.  Drs  F.  Schultze  and  P.  Ftlrbringer,  stimulated  ij  the 
above  publications,  have  also  experimented  upon  this  subject  (CerUral' 
blaU,  No.  54,  1875).  The  muscles  of  the  thigh  and  leg  of  a  rabbit 
were  exposed,  and  tapping  of  the  patellar  tendon  with  a  small  hammer 
caused  contraction  of  the  right  quadriceps  and  extension  of  the  right 
foot,  and  weak  contractions  in  the  left  quadriceps,  and  irregular  tremor 
of  both  extremities.  After  section  of  tlie  right  crural  nerve  the 
contraction  of  the  right  quadriceps  ceased.  Section  of  the  left  crural 
nerve  was  followed  by  the  same  result  in  the  left  leg.  From  these 
and  experiments  similar  in  kind,  with  section  of  the  cord  at  the  level 
of  the  dorsal  vertebi*8e,  the  authors  arrive  at  the  following  conclu- 
sions: 1.  The  phenomena  in  question  are  not  due  to  mechanical 
muscular  contractions  produced  directly  through  the  tendons.  2. 
They  are  rather  to  be  ascribed  to  a  reflex  mechanism  discharged  by  a 
mechanical  stimulation  of  the  tendons,  the  reflex  path  for  the  lower 
extremities  being  placed  in  the  lower  sections  of  the  spinal  cord.  3. 
Cutaneous  reflex  actions  in  the  sense  of  Joflroy  do  not  exist.  (Lond. 
Med.  Hec,  Jan.  15th,  1876). 

General  Physiology  of  Nerves, 

SxiJiULATioN  OP  Nerves  by  Solutions  of  Indifferent  Sub- 
stances.— H.  Buchner  (Zeitechr,/.  Biol.  x.  373),  in  opposition  to  the 
older  results  of  Richter,  finds  that  saturated  solutions  of  urea  applied 
to  excitable  nerves  produce  contractions^  which  even  may  become 
tetanic  with  very  excitable  nerves. 

On  the  Laws  op  Nervous  Excitation. — E.  Fleischl  {Wiener 
Sitzungeb,  Dec.  9th,  1875)  finds :  1.  For  chemical  stimuli  nerves  are 
at  all  parts  of  their  course  alike  sensitive.  2.  For  electrical  stimuli 
they  are  more  sensitive  at  higher  points  than  at  lower,  if  the  electric 
currents  pass  downwards;  the  case  is  reversed  if  they  pass  upwards. 
3.  The  doctrine  of  an  increase  {Anschwellen)  of  stimulus  in  the  nerves 
is  untenable. 

"  Comparative  Study  of  Instantaneous  and  Continuous  Electrical 
Currents  in  the  case  of  Unipolar  Excitation.''     M.  Chauveau,  Acad, 

dee  Sciences,  Dec,,  1875.     Abst.  in  Lond,  Med.  Hec.y  Dec,  1875. 

"Recuri-ent  sensibility    of   the   nerves   of  the  hand."     A.    Richet 

{Lond.  Med.  Bee.,    Oct.    15th,  1875). "On  the  degeneration  of 

nerves  separated  from  their  trophic  centre.*'  A.  Cossy  and  J.  D^j^rine 
{Arch,  de  Physiol.,  Aug.,  1875).     Abstract  Ibid. 

Eye. 

"On  the  importance  of  specks  on  the  cornea  for  the  origin  of 

squinting."     J.   Hirschberg   {C&rUralhlatt,   No.   36,    1875). "On 

the  function  of  the  ciliary  muscle."  Warlomont  and  Nuel  {Annales 
d'Ocvlistique,  May  and  June,  1875).    Abst,  in  Lond.  Med.  Rec.,  Nov, 
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15th,  1875. '"On  the  movements  of  the  iris."  DrDebouzy.   Pai-is; 

A.  Delahaye. "  On  the  cause  of  Keratitis  following  section  of  the 

trigeminus."  Senftleben(  Virch.  Arch,  LXV.  69). "  On  the  semi-decus- 

sation  of  fibres  of  the  optic  nerve  in  man."     J.  Hirschberg  (Ihid^  1 1 6), 
"On  the  doctrine  of  the  currents  of  fluid  in  the  living  eye  and  in 

the  tissues  in  general."     M.  Knies  (Virch.  Arch,,  LXV.  401). "On 

the  influence  of  the  eye  on  the  metamorphosis  in  the  animal  economy." 
E.  Pflager,  and  O.  Platen  {Pfluger'a  Arch,  xi.  263). 

Ear, 

"Pathological  observations  on  the  physiological  importance  of 
high  musical  tones,"  and  "  On  the  combined  occurrence  of  imperfect 
perception  of  certain  consonants  together  with  high  musical  tones 
and  their  physiological  importance."  Moos  {Arch,  f,  Aiigen.  v. 
Oh/renheUk,  ii.  139  and  165).  Abstract  in  CentralhlaU,  No.  35,  1875. 
"On  a  peculiarity  of  sounds  of  lowest  intensity."     V.  Urban tschitsch, 

(Centralblatt,  No.  37,  1 875). "Auditory  Vertigo."    Brown-S6quard 

and  Labadie-Lagrave  {Land,  Med,  Rec.  No.  123,  1875). "Which 

nerve  supplies  the  tensor  tympani]"  Voltolini  {Virch,  Arch,  lxv.  452). 

Physical  Experiments  on  the  Sense  of  Equilibrium  in  Man. 
— E.  Mach  (Wien,  Ahad,  Sitzb,  3  Abth.  lxviil  124,  lxix.  44) 
describes  experiments  upon  the  "sense  of  equilibrium"  which  he 
made  upon  a  kind  of  centrifugal  apparatus. 

A  vertical  frame  of  wood,  four  metres  long  and  two  metres  high, 
rotates  round  a  vertical  axis.  In  this  is  placed  a  smaller  frame,  also 
rotating  round  a  vertical  axis,  and  which  can  be  placed  at  any  dis- 
tance from  the  axis,  and  in  this  is  placed  a  stool  which  rotates  round 
a  horizontal  axi&  The  observer  who  sits  upon  this  stool  can  be 
placed  at  any  distance  from  this  axis.  A,  and  set  in  motion  in  any 
direction  desired.  He  may  at  the  same  time  be  enclosed  in  a  paper- 
box. 

Mach,  from  his  experiments,  has  arrived  at  the  following  results. 

If  the  observer  is  in  the  axis  he  feels  the  rotation  until  it  has 
become  quite  uniform^  then  every  sensation  of  rotation  ceases.  As 
aoon,  however,  as  the  rapidity  diminishes,  the  feeling  of  rotation  in 
the  opposite  direction  arises.  It  is,  therefore,  not  the  rapidity,  but 
the  acceleration  of  the  angular  rotation  which  is  felt.  If  the  paper- 
box  is  opened  when  the  apparatus  is  brought  to  a  standstill,  one  has 
the  impression  as  if  the  visible  space  turned  into  an  uninterrupted 
invisible  space.  The  sense  of  rotation  produced  by  the  angular 
rotation  has  a  certain  after  duration,  and  can  be  made  to  cease  by  an 
opposite  angular  rotation.  The  position  of  the  head  modifies  the 
sensation.  If  during  an  apparent  rotation  one  observes  an  opposite 
and  actual  rotation,  then  he  regards  the  latter  as  quiescent,  and  feels 
himself  in  more  rapid  opposite  rotation.  If  the  observer  looks  to- 
wards the  axis  while  he  sits  vertically  at  some  distance  from  it,  then 
he  believes  himself  to  lie  more  upon  his  back.  He  feels  the  direction 
t)f  the  acceleration  and  regards  this  as  vertical.     Further,  he  believes 
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himself  to  be  inclined  laterally  when  he  turns  one  side  instead  of 
the  face  towards  the  axis.  A  pendulum  suspended  in  the  box,  which 
of  course  will  diverge  as  the  box  rotates^  the  author  regards  as 
vertical,  himself  and  the  box,  however,  as  obliqua 

If  an  observer  is  placed  in  a  balance  and  set  in  vertical  vibration 
with  sufficient  rapiditj  and  with  closed  eyes  he  feels  the  vibrations, 
but  always  gives  the  time  of  return  as  too  early.  One  therefore 
does  not  feel  the  position  or  the  rapidity,  but  the  acceleration. 

For  the  explanation  of  these  results  the  author  refers  to  the 
experiments  of  Flourens,  Goltz^  &c,,  on  the  semicircular  canals.  He 
thinks  (like  Breuer)  that  the  varying  pressure  of  the  endolymph  on 
the  ampuUaiy  nerves  is  the  cause  of  the  sensation.  He  acknow- 
ledges the  difficulty  which  lies  in  the  ^eat  friction  owing  to  the 
small  diameter  of  the  canals.  Compare,  also,  the  results  of  Professor 
Crum  Brown,  who,  quite  independently,  from  the  consideration  of 
the  relative  position  of  the  semicircular  canals  and  from  experiments 
similar  to  the  above,  has  arrived  at  almost  similar  results  and  conclu- 
sions.    [Jaumcd  of  Anatomy  and  Physiology,  viii.  327.] 

Blood  arid  Blood^casctdar  System. 

On  the  Rhythm  of  the  Heart-beats. — M.  J.  Bossbach 
{Ludvoi^s  Arbeiten,  ix.  90,  CerUralblatt,  No.  28^  1875)  investigated 
first  the  injQiuence  of  the  systolic  eardiac  pressure  on  the  forma- 
tion of  groups  of  beats.  Luciani  found  that  a  considerable  and 
continued  increase  of  the  pressure  which  the  heart  had  to  sustain 
during  the  diastole  accelerated  the  occurrence  of  fatigue,  and  rendered 
the  pulse  curve  irregular ;  sa  to  the  influence  of  the  systolic  pressure 
he  obtained  no  results.  Bossbach,  instead  of  a  mercury,  employed 
a  water  manometer.  The  systolic  pressure  could  be  diminished  or 
increased  by  leaving  the  free  end  of  the  manometer  open,  or  by 
compressing  it  more  or  less.  In  hearts  which  were  fed  with  clear 
rabbit's  serum  the  formation  of  groups  occurred  both  with  high  and 
low  pressure ;  but  with  low  systolic  pressure  the  formation  of  beats 
was  much  more  irregular  than  with  very  great  pressure.  These 
irregular  groups  passed  at  once  into  regular  ones,  when  the  systolic 
pressure  was  diminished.  By  the  term  "  heart "  is  meant  one  whose 
auricles  are  ligatured  off  after  the  manner  of  Luciani  {Journ,  of  AnaJL 
amd  Phys,  viii.  191). 

On  the  influevice  of  va/rious  filing  solutions  on  grouped  succession 
of  the  heartbeats.  On  employing  serum  as  free  from  corpuscles  as 
possible  for  filling  the  heart,  the  formation  of  groups  occurred  in 
a  pronounced  manner;  the  groups  disappear  when  the  pure  serum 
is  removed  and  defibrinated  blood  or  blood-serum  is  employed 
instead.  Also  when  the  heart  is  filled  with  a  0*6  per  cent,  solution 
of  common  salt  the  grouped  arrangement  of  the  beats  disappears. 
If  the  heart  is  filled  with  very  red  serum  or  defibrinated  blood, 
it  never  shows  a  trace  of  grouped  arrangement  of  its  beats.  If  the 
defibrinated  blood,  without  renewing  it,  was  allowed  to  remain  in 
the  heart  till  it  had  lost  its  red  colour,  the  formation  of  groups  begins 
again,  and  in  such  a  heart  the  periodic  rhythm  cannot  again  be 
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faronglit  to  disappear  by  repeated  filling  with  fresh  blood  or  bloodj 
aerum.  A  heart  filled  with  blood,  and  beating,  and  acting  regularly, 
at  once  forms  groups  on  a  weak  solution  of  veratrin  being  added  to 
its  contents.  The  difierent  conditions  in  the  succession  of  beats  can 
be  produced  in  one  and  the  same  heart  If  a  heart  is  filled  with 
solution  of  salt,  its  beats  follow  each  other  at  always  r^;ular  in* 
tervals ;  if  this  solution  is  exchanged  for  pure  serum,  the  contractions 
arrange  themselves  in  groups,  and  if  this  solution  is  in  turn  displaced 
by  serum  containing  blood-corpuscles,  the  heart  then  acts  again  with 
a  regular  sucoession  of  beats.  The  number  of  beats,  however,  is  not 
always  the  same.  A  heart  filled  with  solution  of  salt  beats  six  times 
per  minute ;  with  pure  serum,  in  the  fi]>t  group  seven,  in  the  second 
ten  times  ;  with  blood,  on  the  contrary,  twenty-three  times.  Kossbach 
cites  various  explanations  for  these  different  actions,  and  for  the 
phenomena  of  tne  periods.  It  is  possible  that  in  pure  serum  a 
substance  is  formed  which  on  the  one  hand  has  an  influence  similar 
to  veratrin,  and  on  the  other  is  destroyed  when  it  comes  in  contact 
with  bright  red  blood-corpuscles ;  or  sei*um  acts  as  a  stimulus ;  under 
its  influence  the  energy  of  the  conditions  under  which  the  grouped 
arrangement  of  the  beats  is  active  becomes  greater,  and  then  dimin- 
ishes to  the  stage  of  the  so-called  ^'  crisis,"  during  which  the  heart- 
beats occur  in  regular  but  slower  succession.  Blood  however,  is 
able  to  stimulate  an  excitable  heart  more  strongly  than  serum,  and 
causes  the  pauses  to  disappear,  whilst  solution  of  salt  stimulates  less 
than  the  serum,  so  that  by  its  presence  the  heart,  from  the  first, 
passes  into  a  state  which  corresponds  to  the  stage  of  **  crisis  *'  in  the 
serum-keart.  The  similarity  in  the  action  of  blood  and  of  salt 
solution,  are  therefore  only  apparent.  In  the  course  of  his  investiga- 
tions Rossbach  often  succeeded  in  restoring  apparently  dead  hearts 
by  increased  diastolic  pressure  and  by  heating.  (Lond.  Med.  Mec, 
Pec.  15th,  1875.) 

"The  Characteristic  Sign  of  Cardiac  Muscular  Movement ** — 
H.  Kronecker  and  W.  Stirling,  {BeiVrdge  zur  Anat  und  Fhydol.  ah 
Feetgahe  Carl  Lttdwig  gewidmet  von  seinen  Schvlem^  1874,  and 
Jowmal  ofAvat,  cmd  Fhys.  ix.  315.) 

On  a  New  Means  op  Arresting  the  Heart  op  a  Frog. — 
J.  Tarchanoff  {Arclnve^  de  Physiologies  1875,  p.  408)  pulled  out  a 
loop  of  intestine  with  its  corres}>onding  piece  of  mesentery  from  the 
lefb  abdomen  of  a  frog,  and  exposed  the  loop  to  the  air  for  a  few 
hours  until  it  became  inflamed.  The  slightest  touch  of  the  inflamed 
loop  sufficed  at  once  to  produce  still-stand  of  the  heart.  The  time  of 
arrest  varies  from  a  few  seconds  to  half  a  minute.  The  experiment 
does  not  succeed  by  gently  touching  the  loop  of  intestine  when  pulled 
out  at  firvt,  and  while  it  is  still  unlnflamed,  nor  after  section  of  the 
vagus  or  poisoning  with  curara.  The  arrest  takes  place  through  the 
same  mechanism  as  in  the  experiments  of  Goltz  and  Bernstein. 

On  somz  New  Properties  op  the  Walls  of  the  Blooik 
Yesseub.^— A.  Uosso  (Lvdwig^a  ArbeUeny  ix.  156),  working  under  Lud« 
wig's  direction,  has  continued  and  extended  the  researches  upon  the 
artificial  circulation  of  blood  in  excised  organs,  b^^un  by  Professor 
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Heger,  of  Brusselfl,  in  the  same  laboratory  (Joum*  of  Anat,  atid 
Fhys.  IX.  417).  The  complicated  apparatus,  canefuUy  figured 
in  all  ite  details,  consists  of  several  parts.  An  arrangement  cou- 
Btructed  on  the  principle  of  a  Mariotte's  flask,  so  as  to  give  a  constant/ 
pressure  in  the  principal  artery  of  the  organ  Upon  which  the  ex-' 
perimeuter  is  working,  the  pressure  remaining  constant  throughout 
the  entire  duration  of  the  experiment.  A  second  part  of  the 
apparatus  is  employed  for  measuring  the  changes  which  take  plae« 
in  the  volume  of  the  organ  experimented  on  itself,  a  most  essential 
point,  and  one  which  till  now  has  not  been  taken  into  consideration^ 
To  this  part  of  hiB  apparatus  Mosso  gives  the  name  of  pUthysograph* 
Lastly,  there  is  an  exceedingly  ingenious  arrangement  for  meavuring 
the  velocity  with  which  the  blood  flows  out  of  the  vein.  We  must 
refer  to  the  original  for  the  details  of  the  apparatus. 

Almost  all  the  experiments  weie  made  with  tbe  kidneys  and 
liver  excised  from  large  dogs,  which  had  been  previously  bkd  from 
the  carotids.     Of  course  the  blood  employed  was  defibrinated. 

Several  series  of  experimenta  were  performed.  In  the  first  series 
Mosso  observed  the  phenomena  of  the  artificial  circulation  of  blood 
defibrinated  in  contact  with  air ;  in  the  second  he  studied  the  effects 
of  electric  currents  on  the  irritability  of  the  vessels)  in  the  third 
the  influence  of  interruption  of  the  current  of  blood  cm  the  velocity 
of  the  blood ;  then  the  influence  of  different  gases  on  the  walls  of 
the  vessels;  fifthly,  the  action  of  certain  poisons;  sixthly,  the 
production  of  oedema ;  and  lastly,  the  phenomena  of  ai-tificial  circular' 
tion  in  the  liver. 

1.  After  having  excised  the  kidney  and  completed  the  necessary 
arrangements,  the  artificial  circulation  is  begun.  The  velocity  of 
the  blood  from  the  vein  and  the  increase  in  size  of  the  organ  reach 
their  maximum,  and  become  afterwards  successively  smaller  until 
their  tonus  is  re- established.  Sometimes  even  with  the  highest 
pressure  it  is  impossible  to  cause  defibrinated  blood  to  circulate  in 
the  kidneys.  This  is  not  due  to  clots  interrupting  the  circulation, 
but  this  arrest  is  rather  to  be  ascribed  to  a  tetanus  of  the  vessels ; 
in  fact,  the  circulation  becomes  re-established  after  a  few  minutes  to 
be  again  arrested.  There  are  other  mere  movements  of  cOntractioil 
and  dilatation  (rapid),  which  modify  the  velocity  of  the  current 
without  interrupting  it.  These  phenomena  in  their  rhythm  resemble 
very  closely  those  which  Schiff  observed  in  the  ear  of  the  liviu-g 
rabbit.  These  spontaneoua  movements  which  modify  the  nipidity 
of  outflow  are  not  shown  by  all  kidneys.  When  they  exist  they  are 
very  pronounced  a  short  time  after  death,  and  even  are  not  com- 
pletely absent  two  days  after  death. 

2.  To  ascertain  whetiier  the  cause  of  the  preceding  phenomena 
was  to  be  ascribed  to  a  contraction  of  the  vessels,  Mosso  stimulated 
the  kidneys  with  an  electric  current  during  the  ai-tificial  circulation. 
The  kidneys  were  enclosed  in  the  electrodes  of  tinfoil.  The  eflect 
of  stimulation  of  fresh  kidneys  is  a  pronounced  fall  in  the  rapidity  of 
outflow  of.  the  Uood.  It  is  very  remarkable,  however,  that  the 
induced  current  has  no  influence,  whilst  the  constant  current  inter- 
rupted every  second  always  produces  a  very  obvious  Contraction. 
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3.  After  Jhaving  interrupted  the  artificial  current  for  a  certain 
time,  on  again,  recommencing  the  current  with  the  same  pressure, 
it  was  found  that  the  blood  flowed  out  with  a  Telocity  much  greater 
than  before,  and  the  muscular  tonus  was  soon  re-established.  The 
paralysis  of  the  vessels  which  was  produced  during  these  interrup- 
tions is  for  intervals  which  are  not  too  large  proportional  to  the 
length  of  the  interruptions.  These  phenomena  can  be  observed  even 
on  the  third  day  after  death. 

The  rapidity  with  which  the  vascular  tonus  is  re-established  is 
in  inverse  proportion  to  the  length  of  the  interruptions;  a  short 
time  after  death  the  tonus  is  re  established  in  a  very  few  minutes, 
whilst  two  days  after  death  it  requires  three-qusurters  of  an  hour 
of  artificial  circulation  to  cause  the  paralysis  of  the  vessels  slowly 
to  disappear,  and  even  in  this  latter  case  small  oscillations  are  to  be 
perceived  in  the  rapidity  of  outflow. 

4.  In  this  series  Mosso  studied  the  influence  of  the  gases  of  the 
blood  on  the  circulation  in  the  kidneys.  He  employed  four  soits  of 
defibrinated  blood :  arterial  blood  detibrinated  without  contact  with 
air ;  venous  or  anphyxiated  blood  defibrinated  in  the  same  manner 
under  mercury,  so  as  not  to  lose  any  of  its  gases ;  blood  defibrinated 
in  contact  with  air,  which  he  calls,  apnoeic  ;  and  lastly  blood  treated 
with  iron  filings,  which  he  calls  reduced  blood,  i.  e,  deprived  of  its 
oxygen.  In  all  these  researches  nitrogen  and  non-compressed  air  was 
employed.  These  are  the  results  obtaaned  : — ^Asphyxiated  blood  cir- 
culates with  a  smaller  velocity  than  the  apnoeic.  The  result  of  this 
series  of  researches  is  that,  in  artificial  circulation,  every  time  that 
a  species  of  blood  is  made  to  follow  another  which  is  poorer  in 
carbonic  acid,  the  velocity  of  outflow  increases,  in  such  a  way  that 
the  vessels,  even  though  inde]:>endent  of  the  nerve-centres,  can 
regulate  the  velocity  of  the  blood  which  passes  through  them. 

5.  The  researches  made  in  the  circulation  in  the  kidneys  of 
poisoned  blood,  show  that  many  of  the  phenomena,  which  up  to  this 
time  have  been  ascribed  to  the  vaso-motor  centre  or  the  heart,  are 
really  due  to  a  special  action  on  the  walls  of  the  vessels.  Nicotine 
and  atropine,  in  small  doses,  produce  a  contraction  which  is  of  short 
duration ;  whilst  in  larger  doses  there  is  considerable  dilatation,  with 
increase  in  the  velocity  of  outflow.  Hydrate  of  chloral  produces  also, 
at  the  commencement,  a  slight  contraction  of  the  vessels  which  is 
soon  followed  by  a  very  considerable  dilatation.  Quite  as  constant 
a  phenomenon  is  the  tetanus  of  the  vessels,  when  blood  which  has 
been  poisoned  with  chloral  is  followed  by  normal  blood.  In  order 
to  demonstrate  that  all  these  phenomena  were  not  due  to  a  modi- 
fication of  the  blood-corpuscles,  the  experiments  were  re|)eated  with 
poisoned  serum,  which  gave  the  same  results. 

6.  In  passing  from  these  facts  to  others  which  have  a  direct 
bearing  upon  pathology,  we  have  another  series  of  experiments  on 
cedema  of  the  kidneys,  where  the  disposition  to  the  production  of 
oedema  increases  after  death.  On  employing  non-poisoned  blood  for 
the  fresh  organs,  there  is  a  production  of  oedeipa  or  exudation  for  a 
certain  time;  but  several  hours  after  death  there  are  all  the 
characters  of  a  well-pronounced  oedema. 
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7.  Lastly  tlie  author  studied  the  artificial  circulation  in  the 
liver.  The  same  phenomena  are  reproduced  in  this  organ,  although 
the  portal  system  and  the  hepatic  vein  are  verv  poor  in  muscular 
fibres. 

The  variations  in  the  velocity,  and  its  increase  after  each  stop^ 
page,  show  that  in  the  liver,  in  spite  of  the  absence  of  muscular 
fibres  in  the  small  vessels,  phenomena  similar  to  those  in  the  kidney 
occur. 

The  author  also  demonstrated  these  results  with  poisons  (niootinei 
atropine,  chloral,  pnissic  acid,  etc.),  which  yielded  the  same  results 
with  the  liver  as  have  already  been  cited  for  the  kidney.  One 
difference  between  the  vessels  of  the  liver  and  those  of  the  kidney — 
a  difference  of  great  interest — ^is  that  stimulation  with  a  galvanic 
current,  inteiTupted  every  second,  is  followed  in  the  liver  by  a  very 
pronounced  augmentation  in  the  velocity  during  the  irritation ; 
whilst  the  induced  current  has  no  obvious  action.  We  have  here 
the  singular  case  of  a  stimulus  which  dilates  the  vessels  without 
first  causing  them  to  contract. 

The  Condition  op  thb  "Walls  op  the  Blood-vessels  during 
EuiGRATioN  OF  THE  CoLOURLESS  Blood-Corpuscles. — J.  Arnold 
(VircJiow*8  Archiv,  Band  LXii.  p.  487,  and  Centralblatt/ur  die  Medicin, 
Wissenscha/terif  No.  49),  injected  a  weak  solution  of  silver  into  the 
blood-vessels  of  frogs,  in  which  single  parts  of  the  body  had  been 
inflamed  twenty-four  hours  previously.  The  appearances  of  the  so- 
called  endothelial  figures  varied  considerably  from  the  normal.  The 
''cement-lines''  appeared  as  broad,  strong,  zig-zag  lines,  or  were  only 
indicated  by  rows  of  granules. 

There  are  large  dark  points  in  them,  the  stigmata,  and  in  the 
cement  substance  as  well  as  in  the  stigmata  are  to  be  found  white 
coi^puscles  in  the  act  of  passing  out  of  the  vessels,  and  this  in  various 
stages  of  their  passage.  Not  un frequently  several  colourless  corpus- 
cles are  to  be  seen  attached  to  one  part  of  the  cement  substance,  or  to 
one  of  the  stigmata;  thus,  two  corpuscles  may  be  lying  within  the 
vessel,  and  fixed  by  short  processes  in  a  stigma,  whilst  a  third  one 
for  the  most  part  has  penetrated  and  only  remains  in  connection 
with  the  vessel  by  means  of  a  short  process.  Sometimes  the  accumu- 
lation of  the  white  corjmsclea  on  the  outer  side  of  the  vessel,  in  the 
neighbourhood  of  the  stigmata,  is  so  considerable  that  the  sheath  of 
the  vessel  at  the  corresponding  spot  stiiuds  out  like  a  little  hump 
from  the  endothelial  layer.  From  this  the  author  concludes,  that 
the  white  blood-corpuscles  in  inflammation  pass  through  the  wall  at 
the  cement  substance,  t.  e,  the  stigmata ;  whilst,  on  the  contrary,  ho 
never  saw  that  other  parts  of  the  wall  of  the  vessel,  e.g.  the  endothe- 
lium, was  permeable  to  the  white  blood-corpuscles  (see  L.  Purves, 
Joum.  of  Anal,  and  Fhys.  ix.  423). 

From  experiments  made  with  gelatine  and  fine  vermilion  injec- 
tions, it  seems  that,  in  addition  to  the  pronounced  wandering  out  of 
colourless  blood-corpuscles  connected  with  disturbances  in  the  circu- 
lation, other  corpuscles  also  pass  through  the  wall  of  the  vessel,  and 
apparently   this  also  happens  at  the  portion  of  the  stigmata  and 
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^emeBt-sabetance.  Wlien  blue-coloured  gelatine  instead  of  the 
yeFTnilion  was  employed,  the  inflaiQed  veflsels  at  numerous  spots 
seem  to  be  covered  with  small  roundish  blue  protuberances,  or  with 
more  elongated  blue  processes.  Fit>m  this  it  results,  that  the  wall 
of  the  yessel  permits  not  only  substances  in  solution  to  pass  through 
it  at  the  position  of  the  stigmata  and  cement-substance,  but  also  a 
colloid  body  (gelatine),  and  other  elements  (vermOion.)  The  massed 
which  have  passed  through  the  vascular  walls,  penetrate  in  the  direo* 
tion  of  the  '^juice-canals''  (SaJi^ianaUystern)  in  the  tissue,  and  under 
certain  circumstances  these  can  be  completely  filled  laterally  with 
the  injection  mas&  Still  the  configuration  of  this  system  of  spaces 
when  injected  is  variable,  according  to  the  disturbances  of  the  circu- 
lation which  have  occurred  in  the  tissues.  Whilst  the  juice^canala 
during  venous  stasis  possess  a  broad  and  ampullated  form,  they 
appear  smaller  and  more  zig-zag  in  those  disturbances  of  the  circula- 
tion which  are  specially  characterised  by  the  exit  of  white  blood- 
corpuscles. 

On  Diffusion  between  Blooi>-Corpuscles  and  Seruu. — O. 
Nasse  {Sitzungsb.  d.-  Marburger  Ges.  Z.  B,  d,  g.  N,,  1874,  No.  4),  of 
Marburg,  investigated  how  far  the  presence  of  carbonic  acid  and 
oxygen  influence  the  diffusion  between  blood-corpuscles  and  serum. 
The  defibrinated  blood  of  a  horse  was  allowed  to  stand  till  the  cor- 
puscles fell  to  the  bottom,  and  then  mixtures  of  serum  and  cruor  in 
varying  quantities  were  prepared.  From  one  and  the  same  mixture 
one  portion  was  treated  continually  with  CO,,  another  portion  with 
O.  As  the  chief  result  of  the  CO^  mixture,  increase  of  the  specific 
gravity  of  the  serum,  diminution  of  water  and  NaCl.  The  extent  of 
this  change  increases  directly  with  the  quantity  of  cruor.  As  the 
mean,  1,000  grms.  serum  weighed  2 -6  grms.  more,  contained  4*45  per 
thousand  more  solid  constituents  on  the  whole;  on  the  contrary,  0*57 
less  of  NaCl.  Water  and  NaCl  therefore  pass  into  the  blood-cor- 
puscles, which  thereby  increase  in  volume.  The  CO,  also  takes  part 
in  the  increase  of  the  specific  gravity,  but  still  this  is  not  great 
enough  to  account  for  the  entire  change.  Blood  flowing  directly 
from  an  artery  of  a  horse  was  defibrinated  at  one  time  with  air, 
the  next  time  with  exclusion  of  air.  The  serum  of  the  latter  was 
0*3  grm.  per  thousand  heavier.  Further,  the  author  investigated 
how  other  cells  conducted  themselves  towards  CO^  and  serum.  He 
employed  for  this  purpose  minced  flesh  and  freshly-i'ubbed  down 
liver.  In  all  cases  the  specific  gravity  of  the  serum  increased  con- 
siderably, nevertheless  more  pronounced  in  the  presence  of  CO^  than 
in  the  presence  of  air,  and  the  NaCl  diminished  in  the  same  sense. 
The  author  refers  the  phenomena  to  the  coagulation  of  the  proto- 
plasm by  the  acidulation,  which  must  be  more  pronounced  in  the 
presence  of  CO^,  as  the  tissues  were  all  employed  fresh. 

On  the  Investigation  of  Blood-serum,  White  of  Ego,  and 
Milk,  by  Dialysis  through  Gelatinised  Paper, — Alex.  Schmidt 
{Vfiiigefr's  Arch.,  Vol.  xi.,    and   CentralUcUt  fur  die^  Medicinuchen 
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Wissemchojtm,  Ko.  1,  1676),  annotincea  that  the  ftcHsalled  Etigligh 
-parahment^paper  employed  by  him  ifl  not  parchmeht-paper  at  all^  but 
only  a  kind  of  ordinary  writing-paper  very  corefnlly  prepared  with 
alum  and  gelatine.  100  grammes  of  the  paper  yield  to  boiling  watekr 
a  mean  value  of  4*11  grammes  of  gelatine,  0*64  gramme  of  potash 
alum,  and  0*79  of  other  soluble  salts.  The  quantities  of  gelatine  and 
alum  which  at  ordinary  temperatures  pass  into  the  alkaline  solution 
of  albumen  or  into  the  diffusate  are  very  small,  so  that  this  impurity 
need  not  be  taken  into  consideration.  The  author  prefers  De  La 
Hue's  paper  purified  by  extraction  with  dilute  hydrochloric  acid  and 
water,  and  then  covered  with  a  thin  coating  of  gelatine.  Steeping  for 
a  short  time  in  a  one  per  cent  solution  of  gelatine  is  sufficient  for 
this.  The  author  then  gives  the  method  he  employs  for  estimating 
the  albumen  in  blood- serum,  etc.  The  blood-serum  is  neutralised, 
coagulated  with  ten  times  its  volume  of  alcohol,  allowed  to  stand  for 
twenty-four  hours,  then  boUed,  filtered,  the  ooagulum  washed  with  a 
mixture  of  ten  parts  of  alcohol  and  one  part  of  water,  then  with 
absolute  alcohol,  and  lastly  with  ether.  The  soluble  salts  con- 
tained in  the  fluid  remain  in  solution,  the  coagulated  albumen 
only  contains  the  insoluble  earthy  phosphates.  On  employing  gela- 
tinised paper,  the  quantity  of  albumen  which  passes  through  the  paper 
is  not  inconsiderable ;  if  the  dialysis  is  continued  for  two  or  three 
days,  and  the  water  changed  very  often,  then  the  greater  part  of  the 
albumen  passes  through.  The  author  considers  1,  blood-serum  and 
egg-albumen ;  2,  nulk. 

1.  Serum  and  Albumen, — If  diluted  serum  or  Solutions  of  egg- 
albumen  be  dialysed,  there  first  occurs  a  stage  at  which  the  solution 
no  longer  coagulates  on  being  boiled ;  it  has  an  alkaline  reaction,  and 
still  contains  traces  of  salts.  Ajb  the  dialysis  proceeds  the  reaction 
becomes  neutral,  the  solution  of  albumen  is  free  from  soluble  salts, 
and  on  burning  leaves  only  earthy  phosphates.  If  an  acidulated 
solution  be  subjected  to  dialysis,  it  still  remains  for  a  time  capable  of 
coagulating,  even  when  all  salts  have  been  removed  from  it^  and 
continues  so  until  the  last  trace  of  acid  has  passed  out  The  quantity 
of  earthy  phosphates  contained  in  the  albumen  continually  diminishes 
with  the  duration  of  the  dialysis,  and  not  only  absolutely,  but  also  i^la« 
tively  to  the  quantity  of  albumen — to  0*194  per  cent,  of  albumen. 
The  soluble  condition  of  the  albumen  therefore  depends  neither  upon 
the  quantity  of  alkali  nor  on  that  of  the  earthy  phosphates.  Albumen 
ia  rcUker  a  substcmce  soluble  by  itself  in  uxUer,  The  earthy  phosphatea 
pass  into  the  diffusate  in  combination  with  a  nitrogenous  organic 
body,  and  remain  in  solution  after  the  removal  of  the  albumen  which 
has  passed  into  the  diffusate. 

2.  Milk, — ^The  former  observations  of  the  author  upon  this  sab)ect 
are  here  mentioned,  that  acidity  of  the  milk  diffusate  also  takes  place 
even  when  paper  free  from  alum  is  employed,  so  that  it  does  not  de- 
pend upon  the  presence  of  this  substance,  but  is  altogether  absent  in 
some  cases.  A  certain  part  of  the  diffusate  does  not  undergo  the 
acid  reaction ;  if,  after  the  removal  of  all  soluble  salts  and  the  milk 
sugar,  the  diffusate  now  resulting  is  separately  collected,  a  fluid  Is 


642  DB  STIRLING. 

obtained  which,  in  addition  to  earthy  phoBphates,  contains  only  certain 
organic  substancefl,  and  shows  no  tendency  to  become  acid.  like  the 
albumen,  a  part  of  the  casein  also  passes  throa$![h  the  paper.  Milk 
purified  by  dialysis  conducts  itself  very  peculiarly  with  regard  to 
rennet.  At  first  the  capability  of  the  milk  for  coagulating  is  increased 
by  the  rennet — i.e.  the  coagulation  occurs  at  a  lower  temperature^ 
and  the  cause  of  this  phenomenon  is  the  removal  of  the  alkaline  salts, 
which  prevent  the  eoagulati<Hi ;  on  oontinuing  the  dialysis,  however, 
the  milk  becomes  quite  incapable  of  being  coagulated  by  rennet, 
therefore  by  the  process  of  disJysis  some  subatanee  must  hioe  passed 
cut,  which  determined  the  coagtdation  by  rennet.  This  property  of 
being  coagulated  by  rennet  can  be  again  restored  through  the  addi- 
tion of  the  difiusate  of  milk,  nevertheless  only  the  diffusate  obtained 
from  milk  which  has  become  acid  during  the  dialysis  acts  in  this 
way,  acidity  of  the  diffusate  arising  spontaneously  does  not  suffice. 

In  conclusion  the  author  rejects  the  view  of  Heynsius,  who 
ascribed  the  absence  of  coagulation  in  the  solutions  of  cdbumen  em- 
ployed by  Schmidt  to  the  presence  of  alkaMs.  Schmidt  asserts  that 
Heynsius  had  no  solutions  quite  free  from  salts,  and  that  completely 
neutral  solutions  of  albumen  when  quite  free  from  salts  do  not  coagu- 
late either  upon  heating  or  on  adding  alcohol  (see  this  Keport). 

On  the  Compounds  of  Albumen,  of  Blood-sbrum,  and  of  White 
OF  Egg. — A  Heynsius  (Pfliiger's  Archiv,  ix.  514,  and  CentralblaUf 
No.  30,  1875)  in  the  introduction  to  his  paper  reviews  the  results  of 
Schmidt,  Eichwald,  Landois,  etc.  The  author  justly  prefers  the 
method  of  heating  after  the  addition  of  acetic  acid  and  a  few  cubic 
centimetres  of  a  concentrated  solution  of  common  salt  (or  sulphate  of 
magnesia)  as  the  best  test  for  the  presence  of  traces  of  albumen. 

1.  The  author  then  attempted  to  obtain  solutions  of  albumen 
containing  the  smallest  possible  quantity  of  salts,  and  for  this  purpose 
employed  a  dialyser  with  a  surface  of  two  square  centimetres  and  of 
special  construction.  Rain  water  was  at  first  employed  for  the  dialy- 
sis. White  of  egg,  diltited  with  water  and  saturated  with  a  solution 
of  common  salt,  was  dialysed  for  seven  days.  A  considerable  precipi- 
tate formed  in  the  dialyser ;  the  fluid  filtered  from  this  became  turbid 
at  45°,  and  the  filtrate  of  this  at  48^  If  a  solution  of  common  salt 
was  added  to  it,  both  the  temperature  at  which  coagulation  took  place, 
and  the  temperature  at  which  the  albumen  was  completely  separated 
rose.  The  albumen  could  not  be  completely  removed  by  boiling  with 
a  smaller  quantity  of  NaCl  than  0-4  per  cent.  The  filtrate  from  this 
precipitate  when  further  dialysed  formed  again  a  precipitate  in  the 
dialyser,  and  the  filtrate  from  this  became  turbid  even  at  28°,  with  a 
neutral  reaction.  An  addition  of  NaCl  acts  just  as  before.  The 
blood  of  oxen  and  horses  shows  similar  phenomena.  There  is,  there- 
fore, present  in  blood-serum  and  in  white  of  egg  a  compound  of  albu- 
men, which  is  decomposed  at  a  low  temperature.  On  the  author 
employiDg  distilled  water  instead  of  rain-water  he  could  no  longer 
obtain  this  compound  of  albumen.  From  this  it  appeared  that  on 
using  rain  water  the  solution  of  albumen  in  the  dialyser  very  soon 
became  neutral,  but  retained  its  alkaline  reaction  with  distilled  water. 
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The  same  difference  was  shown  by  directly  mixing  the  solution  of 
ttlbumen  with  water.  There  must,  therefore,  be  a  substance  in  the 
rain  water  which  fixes  the  alkali.  The  zinc  oxide  contained  in  the 
rain  water  was  probably  the  substance.  The  experiments  to  prevent 
this  action  by  careful  acidulation  failed.  The  author  then  reviews  the 
results  of  Schmidt  and  Aronstein.  The  solution  either  free  from  or 
at  least  very  poor  in  salts  did  not  coagulate  at  100^,  and  even  when 
mixed  with  alcohol  showed  only  a  little  turbidity,  although  it  had 
constantly  an  alkaline  reaction,  which  even  in  solutions  poor  in  salts 
exercises  a  very  disturbing  influence  on  the  coagulation.  The  author 
is  of  opinion  that  Schmidt  and  Aronstein  have  overlooked  this  action. 
As  they  observed  no  coagulation  in  solutions  acidulated  with  acetic 
acid,  this  the  author  ascribes  to  too  strong  acidulation.  The  author 
i*ecords  experiments  which  show  the  disturbing  influence  of  alkalies 
and  acids  in  solutions  poor  in  salts. 

2.  A  solution  of  albumen,  which  became  turbid  at  41^,  after 
dialysis  was  heated  to  45^,  a^d  broDght  into  solution  by  the  addition 
of  a  little  alkali  in  solution  (four  cubic  centimetres  of  a  one- tenth 
normal  solution  of  potash  to  0*56&  albumen).  A  faintly  turbid  fluid 
of  alkaline  reaction,  which  showed  the  reactions  of  paraglobulin, 
resulted.  After  precipitation  with  acetic  acid  it  is  only  soluble  in 
water  and  oxygen,  as  long  as  upon  burning  it  leaves  an  ash  which  has 
an  alkaline  reaction.  The  author  made  no  experiments  upon  the 
flbrino-plastic  action  of  this  solution.  This  precipitate  in  the  dialyser 
gradually  passes  into  insoluble  albumen.  The  alkali-albuminates  are 
varying  bodies  according  to  the  concentration  of  the  alkali  employed 
for  their  preparation. 

3.  Just  as  the  alkalies,  so  has  the  concentration  of  the  acids  an 
influence  upon  the  properties  of  the  acid  albumen  formed.  Paraglo- 
bulin is  scarcely  soluble  in  CO, ;  if  the  solution  is  allowed  to  stand, 
the  CO,  disappears  and  the  albumen  is  again  excreted.  If  a  stream 
of  carl)onic  acid  is  passed  through  a  solution  of  alkali  albuminate,  the 
coagulation-temperature  is  lowered.  .  If  a  solution  of  white  of  egg  in 
treated  with  vaiying  quantities  of  acetic  acid,  then  the  temperature 
at  which  coagulation  occurs  rises.  These  phenomena,  however,  are 
only  to  be  well  observed  when  dilute  acetic  acid  and  relatively  large 
quantities  of  albumen  are  employed.  (Lond,  Med.  Hec.,  Oct.  Idth^ 
1875.) 

"On  the  preparations  and  properties  of  Solutions  of  Albumen  free 

from  Salts."  A.  Winogradoff  {P/luger^s  Arch.  xi.  605). "  On  Albu- 

men  and  its  compounds.''    A.  Heynsius,  Ibid,  (xi.  624). 

On  the  Composition  akd  pate  of  Fat  introduced  into  the 
Blood. — A.  Rohrig  [Ltidwig^s  Arheiteny  ix.  1).     A.   Rohrig  remarks 
that    the  statement    in   the   ordinary  text-books     that    the  blood 
.  contains  soaps  must  appear  surprising  considering  the  quantity  of 

Z  potash  salts  present.     In  fact,   even  blood-serum  treated  with  soap 

solution  yields  a  precipitate  of  chalk-soap  which  gradually  becomes 
crystallized.  Blood-serum  therefore  does  not  contain  any  soaps. 
The  direct  test  yielded  the  au^or  only  negative  results.  In  order 
to  estimate  the  amount  of  fat  in  the  blood-serum,  it  was  shaken 
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with  seyeral  times  its  own  volume  of  alooliol,  and  then  completely 
extracted  with  alcohol  and  ether.  The  residue  which  remained  afber 
evaporating  the  ether,  consisting  of  the  fieitSy  cholesterin  and 
lecithin/ was  then  weighed,  and  the  cholesterin  and  lecithin  esti- 
mated  according  to  the  usual  methods.  The  blood  was  at  once 
treated  with  its  own  volume  of  water,  and  2  cc.  of  a  1  per  cent. 
solution  of  oxalic  acid  to  prevent  coagulation;  and  then  the  above 
process  was  repeated.  Double  estimation  by  Uiis  process  gave  good 
coinciding  i*esults.  By  this  method  the  author  tested  the  rapidity 
with  which  fat  when  introduced  into  the  blood  disappeared  from  it 
again.  For  this  purpose  an  emulsion  formed  by  shaking  together 
oil  and  water  to  which  a  little  carbonate  of  soda  had  been  added, 
was  employed.  This  emulsion  was  injected  into  the  peripheral  end 
of  an  artery.  The  injection  was  made  by  mercurial  pressure.  The 
blood  was  investigated  before  the  injection,  immediately  after  it 
(from  the  central  end  of  thejartery),  and  sometime  later.  In  one 
experiment  the  blood  contained  immediately  before  the  injection 
0'504  per  cent.;  immediately  after  0*668  per  cent;  and  thirty 
minutes  later  0*636  per  cent.  The  increase  was  obvious  but  small 
In  the  later  experiments  the  time  of  injection,  which  in  the  first 
injection  reached  sixty-five  minutes,  was  diminished.  The  differences 
became  larger,  but  were  not  very  important.  The  difficulty  of  the 
experiment  led  the  author  to  adopt  another  method.  After  the  dogs 
had  fasted,  they  obtained  a  large  quantity  of  hog's  lard.  Four  hours 
after  feeding,  the  thoracic  duct,  the  subclavian  vein,  and  the  lym- 
phatic ducts  of  the  chest  and  neck  on  both  sides,  were  carefiilly  I 
ligatured.  In  all  cases  the  quantity  of  fat  rose  after  feeding,  and 
after  ligature  of  the  thoracic  duct  again  fell.  The  cholesterin  shewed 
a  tolerably  constant  value.     In  one  experiment  there  was  found  : 

Fat.        Cholesterin. 
Shortly  before  feeding    . 
Immediately  afler  ligatiire 
Three  hours      „         „ 
Eight  and  a  half  hours  do. 
Twenty-two  hours  „ 

The  cholesterin  without  doubt  arises  from  the  bile  which  is 
richly  poured  out  during  digestion.  After  several  days  fasting, 
the  fat  in  the  blood  is  0*5  or  0*7  per  cent.,  and  after  feeding  with 
fat  may  rise  to  1  '25  per  cent.  The  quantity  of  ftit  falls  after  ligature 
of  the  ductus  thoracicus;  at  first  rapidly,  then  slowly.  The  fat 
probably  does  not  leave  the  blood  without  undergoing  a  change. 
Supporting  this  view  is  the  fact  of  the  constancy  in  the  quantity  of 
cholesterin  ;  and  also  that  the  lymphatics  of  the  corre8|X)nding 
extremity  do  not  contain  any  fat.  Kohrig  thinks  it  is  probable  that 
the  fats  are  oxidised  in  the  blood  with  the  formation  of  CO,.  {Land. 
Med,  Rec.  1875.) 

On  the  Quantity  of  Oxygen  absorbed  by  thee  Blood  at 
Different  Barometric  Pressures. — According  to  P.  Bert  (GompUa 
JRendtts,  Tome  Lxxx.  733,  CefrUralblaU  filr  die  Mediolniachen  Wu- 
9«n9chafien,  No.  55,  1875),  hemoglobin  forms  with  oxygen  a  chemical 
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compound,  whicli  can  be  obtained  by  shaking  blood  witH  atmospheric 
air.  Increase  of  pressure  is  without  influence  on  this  combination. 
More  oxygen  is  taken  up,  but  only  corresponding  to  the  absorption 
of  this  gas  by  the  fluid,  following  Dalton's  law.  A  diminution  of 
the  pressure  to  one-eighth  of  an  atmosphere,  at  a  temperature  of 
60 '8**  Fahr.  has  very  little  in:fluence  on  the  oxyhaemoglobin;  from 
this  limit  onwards,  however,  it  rapidly  decomposes.  The  decomposition 
occurs  earlier  at  a  temperature  of  104^  Fahr.  This  is  a  cause  of  the 
poverty  of  oxygen  in  the  blood  of  animals,  which  are  subjected  to  an 
increasing  diminution  of  pressure ;  a  second  cause  is,  that  the  contact 
of  the  blood  with  the  air  in  the  lungs  is  not  sufficiently  intimate 
to  influence  the  degree  of  saturation  with  oxygen  corresponding 
to  the  pressure  and  temperature.  For  this  reason,  the  quantity  of 
oxygen  in  the  blood  in  experiments  on  animals  is  always  smaller  than 
in  experiments  outside  the  body.     (Lovid.  Med.  Bee,  1876.) 

On  HiEMOOLOBiN. — L.  Hermann  and  Th.  Steeger  {Pfluger'a  Arch. 
Vol.  X.)  contribute  a  paper  on  this  subject.  From  the  observations 
of  Lothar  Meyer,  Pfliiger  and  Zuntz,  we  know  that  by  adding  an 
acid  to  blood  only  the  smallest  part  of  the  oxygen  of  the  haemoglobin 
can  be  obtained  by  a  vacuum.  The  cause  of  this  phenomenon  is  to 
be  sought  for  in  the  decomposition  of  the  haemoglobin,  the  oxygen 
being  held  fieist  by  a  decomposition  product.  For  this  purpose 
arterial  blood  was  passed  into  a  flask  with  warm  water  (176^  to  194°  F.) 
which  was  connected  with  the  vacuum.  About  one-third  of  its 
oxygen  was  obtained  by  pumping.  It  was  now  necessary  to  see 
whether  oxygen  alone  showed  this  property  of  combining  with  the 
decomposition  products,  or  whether  other  gases  which  also  form 
compounds  with  haemoglobin  showed  the  same  property.  For  deciding 
this  question  blood  saturated  with  carbonic  oxide,  and  in  another 
experiment  with  nitrous  oxide,  was  conducted  into  the  same  flask. 
From  the  former  only  1-7  to  1-8  vola  per  cent,  of  carbonic  oxide  waa 
obtained;  from  the  latter,  4*9  vols.  per<^nt.  nitrous  oxide  and  oxygen. 
These  gases  are  also  fixed  by  the  decomposition  products  resulting 
from  the  rapid  decomposition  of  haemoglobin. 

''  Causes  and  Mechanism  of  the  Coagulation  of  the  Blood."  Matthieu 
and  Urbain,  BvlUtin  General  de  Therapeutique,  Sept.  5th,  (Abstract 
in   Lond.   Med.    Rec.    Nov.    15th,    1875),  published    separately    by 

G.    Masson,    Paris,  pp.   285. '*  On    the   Transfusion  of  Blood." 

li.  Landois.    Vogel,  Tjeipsig. "  On  certain   Physical  Phenomena 

connected  with  the  Circulation,  Kespiration  and  Nutrition."     Dr  G. 

Johnson,  Brit,  Med,  Joum,  Jan.  Ist,  and  8th,   1876. "On  the 

Accommodation  of  the  Vessels  for  large  quantities  of  Blood.** 
Ij,  Lesser,  Lxudvoi^s  Arbeiien,  ix.  50. And  "Transfusion  and  Auto- 
Transfusion."     L.  Lesser,  ScMnmlung  Klirdscher   Vortrdge,  No.   86, 

1875. "  Eflect  of  Lime  and  Magnefda  on  the  Alkalinity  of  the 

Blood."     {Lond,  Med.  Bee.  July,  1875.) "On  the   Origin   of 

Cells  containing  Blood-Corpuscles,  and  the  Metamorphosis  of  Blood 

in  the  Lymph  Sac  of  the  Frog."     0.  Lange,  VvrcJuno'a  Arch.  lxv.  27. 

"On  the  Ilelation  of  the   Blood  and   Lymph-Yessels  to  the 

Juice-Canals,"      P.    Foil,    Yirchow'a  Arch.   lxv.    281 "On  the 
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Digestive  System, 

"On  normal  digestion  in  infants."     Wegscheider.    Hirscliwald» 

Berlin.     (Abstract  in  Lond,  Med,  Hec.,  Jan.  15,  1876.) "On  the 

techanism  of  deglutition,*'  par  Dr  L.  Fiaux,  pp.  150,  with  two  plates, 
aris,  P.  Asselin. — "The  daily  Metamorphosis  of  transfused  Albumen," 

Tschiriew,  Ludtmg's  Arbeiten,  ix.,    292. "On   digestion  and 

>sorption  in  the  large  intestine."      F.  Falck,  Yirch»  ArcLy  LXV.  393. 

On  the  Gastric  Juicr — Eabuteau  {Comptes  Rendus,  lxxx.,  61) 
gested  the  gastric  juice  of  dogs  with  freshly  precipitated  and  well 
ished  quinine,  then  evaporated,  and  extracted  with  absolute  alcohol, 
aporated  the  alcoholic  extract,  and  then  treated  the  residue  with 
nzol  or  chlorofonn,  which  dissolved  the  quinine  salt  formed  and 
on  evaporation  left  it  in  a  crystalline  form.  This  salt  proved  to 
hydrochlorate  of  quinine ;  the  lactate  was  not  to  be  found,  just  as 

the  ordinary  method  of  shaking  with  ether  in  the  gastric  juice. 

the  volumetric  method  it  was  found  that  1000  parts  of  gastric 
je  contained  2-5  parts  of  HCl,  coinciding  very  closely  with  the 

ults  of  Schmidt — 3  per  thousand. 

Os  Peptones  and  Feeding  with  the  same. — P.  P168z  and 

Gy orgy ai  (F/liiger*8  Arckiv,  Band  x.,  p.  536 ;    CentrcUblatt  fur 

Medicinischen    Wissenschaften,   No.   55,   1875)   have   performed 

ew  experiment  on  the  nutritive  value  of  peptones  on  an  adult 

which    had    hungered   for   several   days.      They  fed   it   with 

ition  of  peptones  and  the  necessary  nutriment  free  from  nitrogen, 

mated  the  quantity  of  nitrogen  in  the  total  excreta  of  the  animal, 

compared  it  with  the  known  quantity  of  nitrogen  in  the  food. 

'ing  the  whole  experiment  there  was,  nitrogen  taken  in,  14451 

s. ;  nitrogen  excreted,  13*463  grms.;  0'988  gi-m.  were  therefore 

ined  in  the  body  (under  the  assumption  that  the  quantity  of 

'"tg^n  can   be  accurately  measured  under  these  circumstances !). 

body-weight  rose  from  2'531  grms.  to  2*790,  i.e.  -259  grm.    Cor- 

onding  to  the  nitrogen  deficit  in  the  excreta,  one  can  assume  that 

ng  the  feeding  with  peptones  an  addition  of  albumen  had  taken 

-,  that  the  peptones  can  certainly  be  changed  into  albumen  and 

oyed  for  the  building  up  of  cells. 

Vnother  question  of  course  arises,  How  far  can  peptones  intro- 
I  into  the  body  be  followed  as  such?     For  the  sr)lution  of  this 
'ion  the  authors  injected  20  to  30  grms.  of  a  watery  solution  of 
>nes  into  the  stomach  of  dogs  which  had  hungered  for  forty-eight 
<y  and  then  killed  them  after  two  or  four  hours.     As  a  test  for 
>ne8  they  employed  the  reaction  of  caustic  potash  and  sulphate 
■Pper  (purple-violet  solution),  or  boiling  with  MilJon's  reagent 
'iitric  acid    (yellow  colouration).     The  greatest  quantity  of  pep- 
by  this  process  was  found  in  the  blood  of  the  mesenteric  veins 
i  the  extract  of  the  mesenterium.  The  liver  contained  much  less, 
met  traces    were  found  in  the  blood  of  the  hepatic  vein  and 
of  the  carotid   artery.     On  injecting  peptones  into  the  veins,  a 
ippears  unciian^ed  in  the  urine,  the  larger  part  remaining  in 
xiy,  and   undergoing  further  changes.     In  the   blood  of  the 


648  PB  snRLiNa 

carotid,  after  three  hours,  a  small  qaantity  of  peptone  was  still  trace- 
able. Lastly,  the  authors  conducted  blood,  to  which  peptones  had 
been  added,  in  an  artificial  circulation  through  the  amputated  hind 
quarters  and  extremities  of  a  large  dog  just  killed  (excluding  the 
glands).  The  circulation  lasted  four  or  five  hours.  Here  also  the 
blood  lost  part  of  its  peptones ;  in  one  case  20  grms.  of  peptones  dis- 
appeared from  the  blood.  After  finibhing,  the  blood  was  washed  out 
of  the  vessels  with  a  solution  of  common  salt,  and  a  wateiy  extr&ct  of 
this  as  well  as  of  the  tissues  was  then  made.  Neither  peptone,  nor 
any  other  nitrogenous  body  which  one  might  ex})ect  as  a  derivative 
of  the  albumen,  was  present. 

On  Glyoooen  in  Marine  Animals. — P.  Picard  (Gazette  M^icale, 
1874,  No.  49)  in  estimating  the  amount  of  glycogen  in  the  liver  con- 
verted this  substance  into  sugar,  whose  amount  was  estimated  by 
titration  with  Fehling's  solution.  In  difierent  species  of  osseous 
fishes  the  quantity  of  glycogen  in  the  liver  varied  from  I'l  to  6*4  per 
cent. ;  in  cartilaginous  fishes  from  0*3  to  1  *6.  The  difference  is  ex- 
plained by  the  liver  of  the  latter  being  more  voluminous.  In  relation 
to  body  weight,  on  the  contrary,  the  quantity  of  glycogen  nearly 
coincides.  In  the  liver  of  lobsters  there  was  0*4  to  0*5  per  cent.,  of 
crabs,  0*3  per  cent,  of  glycogen.  The  presence  of  glycogen  was  also 
proved  in  echinoderms,  polyps,  and  sponges.  Sugar  was  r^;ularly 
found,  still  the  change  of  glycogen  into  sugar  proceeds  in  general 
Blo\»ly  in  fishes.     No  sugar  was  found  in  Crustacea,  mollusca^  etc 

On  the  production  of  Glycosxtbia  bt  thb  effect  of  Oxtoen* 
ATED  Blood  on  the  Liver. — ^F.  W.  Pavy  (Royal  Society^  Nov.  25, 
1875)  arrives  at  the  conclusion  that  the  amyloid  substance  found  in 
the  liver  is  a  body  which  tends  to  accumulate  in  certain  animal 
structures  under  the  existence  of  a  limited  supply  of  oxygen,  and 
that  it  is  through  the  liver  exceptionally  receiving  the  supply  of 
venous  blood  it  does,  that  the  special  condition  belonging  to  it  iff 
attributable.  It  is  also  shown  that  the  undue  transmission  of  oxy- 
genated blood  to  that  organ  at  once  induces  an  altered  state,  which  is 
rendered  evident  by  the  production  of  glycosuria. 

On  the  Pancreas. — R.  Heidenhain  (Pflugers  Arch,,  VoL  x.,  and 
CenfrcUblaU  fur  die  Medidnischen  Wissenscha/len,  No.  2,  1876)  ob- 
served the  following  appearances  were  successively  presented  by  the 
cells  of  the  pancreas  at  the  different  stages  of  digestion. 

1.  During  hunger  the  granular  inner  zone  occupies  the  larger, 
the  homogeneous  outer  zone  the  smaller  part  of  the  cells.  2.  In 
the  first  pehod  of  digestion,  during  which  a  plentiful  secretion 
occurs,  there  is  diminution  of  the  entire  cells  by  using  up  of 
the  granular  inner  zone,  then  addition  of  new  materials  to  th« 
outer  zone,  so  that  this  becomes  enlarged.  3w  In  the  second  period 
of  digestion,  during  which  the  secretion  diminishes  and  comes  to 
a  standstill,  there  is  a  new  formation  of  the  granular  inner  zone  at 
the  expense  of  the  homogeneous  outer  zone,  mofit  pronounced  diminu^ 
tion  of  the  latter,  increase  of  all  the  cells.     4.   With  long-continued 
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hunger  there  is  a  gradual  increase  of  the  latter  to  their  original 
dimensions,  and  therewith  slight  diminution  of  the  inner  zone.  During 
the  state  of  physiological  activity  there  is  a  continual  change  in  the 
cells — metamorphosis  internally,  addition  of  matters  externally.  In- 
ternally there  is  con  version  of  the  granules  into  secretory  constituents, 
externally  employment  of  the  nutrient  materials  for  the  formation  of 
the  homogeneous  substance,  which  again  becomes  converted  into 
granular  masses.  The  average  appearance  of  the  cells  depends  upon 
the  relative  rapidity  with  which  this  process  occui'S.  Tn  the  first 
period  of  change  there  is  a  more  rapid  consumption  internally  and 
more  rapid  addition  externally ;  in  the  second  period  the  moat  rapid 
changes  occur  at  the  limit  between  the  outer  and  inner  sones,  in  IJiat 
the  substance  of  the  former  becomes  converted  into  that  of  the  latter. 
During  the  condition  of  hunger  the  consumption  is  at  a  minimum, 
the  addition  takes  place  also  slower,  but  it  is  still  obvious  in  the 
apparent  increase  of  the  outer  zone,  which  had  almost  disappeared. 
CoiTesponding  to  these  histological  changes,  the  chemical  and  experi- 
mental results  of  the  author  shewed  that  pancreatin  ready  prepared 
(albumen-ferment  of  the  pancreas)  in  the  living  gland-cells  does 
not  exist)  but  only  its  peculiar  mother^ubstance  :  under  cer- 
tain circumstances  pancreatin  becomes  free.  This  mother-substance, 
which  Heideuhaio  calls  ^  zymogen^  is  probably  a  compound  of  pan- 
creatin with  an  albuminate.  With  plentiful  secretion  from  the 
gland,  the  quantity  of  zymogen  dimimshes,  to  be  again  generated 
during  rest  of  the  organ.  This  process  of  regeneration  does  not  occur 
sufficiently  in  a  gland  with  permanent  fistula  as  soon  as  the  secretion 
has  become  continuous. 

Further,  it  is  shown  that  the  secretion  of  water  by  the  gland  can 
be  infiuenced  by  the  medulla  oblongata,  and  from  the  author's  experi- 
ments, it  is  extremely  probable  that  the  excretion  of  the  solid  con- 
stituents of  the  gland-cells  and  that  of  water  do  not  go  hand  in  hand, 
but  each  seems  to  be  under  the  direct  influence  of  the  nervous  system. 
The  formation  of  pancreatin  is  connected  with  the  complicated  decom- 
positions in  the  secreting  cells,  the  development  of  a  fi'ee  acid  playing 
a  part  in  the  process. 

On  Meconium. — Zweifel  {Archivfiir  Gyndkalogisy  Band  vn.  474, 
and  abstituit  in  CentralbkUt  fur  die  Medicinisehen  Wuaenschafien^ 
No.  37,  1875)  employed  as  material  the  contents  of  the  great  intes- 
tine of  still-bom  children.  The  microscopic  investigation  gave  the 
interesting  result,  viz.  the  existence  of  haematoidin  crystals  with  the 
characteristic  Gmelin's  reaction.  By  exti*acting  the  meconium  with 
chloroform  and  evaporating  it,  bilirubin  crystals  could  be  obtained. 
They  are  no  longer  contained  in  the  yellow  evacuations,  and  thus 
disappear  with  the  other  constituents  of  meconium.  As  chemical  con- 
stituents of  meconium  were  found:  biliverdin,  bilirubin,  a  bilo  acid, 
viz.,  taurocholic,  cholesterin,  mucin,  traces  of  formic  acid,  and  the 
higher  volatile  fatty  acids,  and  non-volatile  fatty  acids.  Negative 
results  were  obtained  for  grape-sugar,  glycogen,  paralbumen,  leuciu, 
tyrosin,  albumen-peptone,  lactic  acid.  The  quantity  of  water  in 
meconium  was  almost  80  per  cent.,  the  ash  about  one  per  cent     The 
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fat  in  fresh  meconium  was  0*772,  and  the  cholesterin  0.797  per  cent. 
Two  analyses  of  the  ash  are  given.  In  per  cent  the  composition  is, 
insoluble  substances,  2*1 ;  phosphate  of  iron,  3*41 ;  sulphuric  acid, 
23'0;  chlorine,  2*53;  phosphoric  acid,  5*44;  lime,  5*7;  magnesia, 
4*0;  potash,  8*6;  soda,  41*0.  In  relation  to  the  excreta  of  adults 
the  high  percentage  of  sulphuric  acid  and  diminution  in  phosphoric 
acid  is  noticeable. 

^'Action  of  Bile  on  the  organism,"  Feltz  and  Hitter,  in  Robin's 
Jotimalde  VAnatomie  et  de  la  physwlogie,  1875,  also  Acad,  de  SdeTices^ 
Sept.  1st,  1875.     (Abst.  in  Land.  Med,  Bee.,  Oct.  15th  and  Dec. 

15th,  1875). "Experiments  on  the  biliary  secretion  of  the  dog." 

Rutherford  and  Vignal,  Jaum.  of  Anat.  and  Phys,  x.  253. "On 

Cholesterin,"  V.  Krusenstem,   Virch.  Arch.  i*xv.  410,  and  Beneke, 

Lxvi.  126. "On  the  formation  of  urea  in  the  liver,"  I.  Munk, 

Pfliige^B  ArcJi.  xi.  100. "On  the  secretion  of  the  liver,"  N.  Soco- 

loff.   Ibid.   XI.    166. "On    Choletelin    and    hydrobilirubin,"   L. 

liebermann,"  Ibid.  XL  181. 

The  Nerves  of  the  Liyeb. — M.  Nesterowsky  (Virchow's  Arehiv, 
Band.  Ixiii.  412)  by  the  gold  method  and  the  subsequent  addition 
of  ammonium  sulphide,  succeeded  in  demonstrating  the  nerves  in 
fresh  sections  of  frozen  injected  liver.  The  nerves  of  the  liver  end 
in  the  form  of  networks,  which  surround  the  blood  capillaries,  and 
the  terminations  of  the  nerves  have  no  connection  with  the  liver  cells. 

Genito- Urinary  System. 

"Two  pathological  urinary  colouring  matters,"   F.   Banmstark, 

PJliig.  Arch.ix.56S.  (Abst.  in  GentraZblatt, No.  35, 1875). "Action 

of  Salicylic  Acid  on  the  Urine,"  R.  Fleischer,  Berlin  Klin.  Wo- 
chensch.,  Sept.  27th  and  Oct.  4th,  1875. "Physiology  of  the  secre- 
tion of  the   Urine."      P.    Grtitzner,   Pjiiiger'a  Arch.    xi.   370. 

"Estimation  of  Urea,"  C.  A.  Pekelharing,  PJliigers  Arch.  xi.  602. 

On  Poisoning  with  Nitrobenzol,  and  Excretion  of  Sugar  in  the 
Urine. — Dr  V.  Mering  (Centralblatt  fur  die  Medicinischen  Wissen" 
sehaftenf  No.  55,  1876),  contradicts  the  assertion  of  C.  A.  Ewald, 
that  the  substance  excreted  in  the  urine  of  dogs  and  rabbits  in  poison- 
ing with  nitro-benzol  is  sugar,  though  it  reduces  alkaline  copper 
solution.  It  does  not  undergo  fermentation  when  treated  with  yest, 
under  the  necessary  precautions.  Further,  this  body  rotates  the  ray 
of  polarised  light  to  the  left. 

On  the  Influence  of  Boiling  Distilled  Water  on  Fehung's 
Solution. — E.  Boisin  and  E.  Loisen  {Comptes  Eendus,  Tome  Lxxix.) 
have  found  that  pure  distilled  water  when  boiling  reduces  FehUng's 
solution  employed  for  testing  for  sugar.  Thus  fifty  cubic  centimetres 
of  water  can  reduce  one  cubic  centimetre  of  solution.  Ordinary 
'spring  water  does  not  do  this.  A  series  of  substances  hinder  the 
reduction,  when  they  are  added  to  the  distilled  water  previously, 
above  all  lime  salts,  ammonia,  and  soda  salts.  With  a  quite  pure 
solution  of  grape-sugar  some  chloride  of  calcium  must  be  previously 
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added  to  the  Fehling's  solution.  The  authors  recommend  this  as  a 
meaDB  of  testing  the  purity  of  distilled  water. 

On  Diabetus  Mellitus. — ^Dr  Pawlinoff  ( Vi/rch,  Arch.  LXiv.  382) 
says  that  sugar  cannot  be  oxygenated  in  the  blood,  but  the  muscles 
can  decompose  it  into  substances  which  can  be  more  easily  oxygenated 
than  albumen.  In  the  normal  organism,  the  oxygenation  of  albu- 
men takes  place  principally  in  the  arterial  blood.  By  the  oxygena- 
tion of  albumen  in  the  arteries,  there  is  formed  urea,  while  in  the 
veins  there  carbonic  acid  is  formed  by  the  action  of  oxygen  upon 
the  products  of  decomposition  of  sugar.  In  diabetes,  the  muscles 
cease  to  change  sugar  into  substances  which  are  easily  decomposed,  in 
consequence  of  which  the  process  of  oxydation  loses  its  eneigy,  as  the 
albumen  is  oxydised  with  greater  difficulty. 

Milk.  ''Comparative  investigations  on  human  milk,  and  that 
of  the  cow."     A.  Langgard,  Virch,  Arch,  lxv.  1. 

Temperatufre, 

"Action  of  various  drugs  upon  temperature."    A.  G.  Bumess, 

Brit,  Med,  Jour,,  Jan.  15th,  1876. r"On  the  local  temperature  of 

paralysed  parts."  M.  Schiff,  Lo  SperimeTUcUe,  March  and  May, 
Abst.  in  London  Med.  Rec,,  July  and  August,  1875.  ■  "On  the 
relation,  of  the  peripheral  to  the  central  temperature  in  fever."     W. 

Schulein,  Virch,  Arch,  Lxvi.  109. "The  highest  tempemture  at 

which  life  can  exist."    F.  Hoppe-Seyler,  Pflugev'a  Arch,  xi.  113. 

On  the  hiohest  Temperature  bearable  bt  the  hand. — Bloch 
(Gazette  Hebdomad,  No.  25,  1875)  records  the  following  as  the  highest 
temperature  which  the  hand  could  bear  in  baths  of  different  sub- 
stances for  two  minutes  at  a  time : — 

Substances :  Mercury  48**  Cent.  Water  49^  Solution  of  Tannin 
49^  Vinegar  5P.  Solution  of  Sodium  Carbonate  52\  Alcohol  5P. 
Milk52«.  Spirits  of  Turpentine  56\  Glycerine  5 7^  Oil  60*».  Beef 
suet  65^ 

According  to  the  author  the  reason  that  Hg.  and  solution  of 
tannin  at  low  temperatures  seems  as  hot  as  other  things  at  higher 
temperatures,  is  because  of  the  density  of  the  former,  and  the  rapid 
imbibition  by  the  skin  of  the  latter. 

Muscle. 

"On  the  regeneration  of  striated  muscular  fibre."  Peroncito, 
Gazzetta  deUe   Cliniche,   Jan.    26.     (Abstract  in  Lond,  Med.  Rec.j 

No.  123,  1875). "On  Sommer's  Movements"  (shortening  of  the 

muscles  by  rigor  mortis).  H.  Storoscheff,  Wien.  Acad,  Sitzungah,  2 
Abth.  Lxx.  Abstract  in  CentralblaUy  No.  35,  1875. "Influ- 
ence of  Carbonic  oxide  on  the  duration  of  muscular  contractility." 
M.  Rochefontaine,  Gaz.  MSd.  de  Paris,  Dec.  11th,  1875. "Con- 
tractility and  double  refraction."  J.  W.  Eogelmann,  Ffliiger's  Arch, 
XI.  432. '*0n  the  conduction  of  excitation  in  the  Heart,"  Engel- 

VOL.  X.  43 
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maxm,  Ibid,  zi.  465. ''On  electrical  tetanisation  of  Nerves  and 

Muscles."     G.  Valentin,  Ibid,  xi.  481. 

On  the  Height  op  the  Muscular  Tone  by  Electrtcai. 
AND  Chemical  Stimulation. — The  tetanic  contraction  of  a  muscle, 
whether  produced  voluntarily  or  artificially  during  life,  consists  in  a 
vibrating  motion  of  small  particles  in  the  interior  of  the  muscular 
fibre.  This  is  shown  by  the  negative  variation  of  the  muscnlar 
current  discovered  by  Du  Bois-Reymond,  and  by  the  muscular  tone 
which,  according  to  the  investigations  of  Helmholtz,  consists  of  as 
many  vibrations  as  the  number  of  stimuli  applied.  The  normal 
muscular  tone,  which  is  heard  during  voluntary  contraction,  consists 
of,  according  to  Helmholtz,  only  18 — 20  vibrations  per  second,  but 
by  means  of  an  electrical  tuning-fork  much  higher  tones  could  be 
produced.  In  the  human  fore>arm  he  produced  a  clear  tone  with  240 
vibrations. 

J.  Bernstein  (PJluger^s  ArcJdVy  xi.  191),  investigated  the  muscu- 
lar tone  pix>duced  by  a  greater  number  of  stimuli  per  second.  A 
special  form  of  electrical  tuning-fork  was  employed.  The  shocks 
were  applied  to  the  muscles  of  the  leg  of  a  rabbit,  where  the  muscu- 
lar tone  can  be  easily  heard  when  a  stethoscope  is  applied  over  the 
skin.  Three  hundred  and  thirty  vibrations  gave  a  tone  of  the  same 
height,  tolerably  strong,  and  of  the  same  Klangfarbe;  418,  561  and 
748  vibrations  per  second  gave  each  corresponding  tones.  With 
1,056  vibrations  no  distinct  tone  was  to  be  heard  in  the  muscle, 
although  the  muscle  still  contracted ;  instead  of  the  tone  ill-defined 
noises  occurred.  When  the  nerve  instead  of  the  muscle  directly  was 
stimulated,  1,056  vibrations  still  gave  a  distinct  tone  audible  in  the 
muscle,  but  this  tone  no  longer  coiTesponded  with  the  vibrations  of 
the  tuning-fork,  but  was  a  fifth,  sometimes  an  octave  deeper.  It 
now  remained  to  determine  the  upper  limit  to  which  the  muscular 
tone  could  be  increased  by  the  present  apparatus.  This  was  perfectly 
fixed  when  the  tuning-fork  gave  the  tone  b"  =  933  vibrations,  in  which 
case  the  muscular  tone  of  similar  pitch  was  softly  but  distinctly 
audible. 

There  is  a  relation  between  the  muscular  tone,  contraction,  and 
the  negative  variation.  With  300  vibrations  per  second  the  muscu- 
lar tone  was  of  almost  constant  moderate  pitcL  With  300 — 400 
vibrations  it  began  to  be  weaker.  Now  as  a  negative  variation  of 
the  muscular  current  corresponds  with  every  vibration  of  the  muscn- 
lar tone,  so  it  is  very  probable  the  weakening  of  the  tone  depends 
upon  the  duration  of  the  negative  variation,  which  lasts  about  ^^ 
second.  Chemical  stimuli  (saturated  solution  of  NaCl)  applied  to 
the  nerve  also  gave  a  distinctly  audible  muscular  tone.  (LotuL  Med, 
Rec,  Dec.  15,  1875.) 

On  the  Action  of  Emetics  on  the  tranbvebsely  ettbipbd 
MxTScuLAB  Fibres. — ^E.  Hamack  {Archivfar  Experiment,  FcUhologie 
III.  44,  and  CentrcUblatty  No.  35,  1875)  remarks  that  a  large  number 
of  the  substances  which  act  as  emetics  and  nauseants  have  also  a 
paralysing  action  upon  the  voluntary  muscles.     To  this  group  belong 
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emetin,  apomorphiiiy  tartar-emetic,  cyclamin,  asolepiadin,  and  sanguis 
narin,  delpbinin,  veratrin,  and  digitalin.  The  author  tested  the 
copper  and  zinc  salts  and  some  drugs  obtained  from  the  vegetable 
kingdom. 

We  have  very  few  experimental  results  on  the  action  of  the 
copper  salts.  To  avoid  local  disturbances  hj  the  substance,  and 
specially  to  avoid  coagulation  of  the  albumen,  the  author  chose  a 
soda  double  salt,  viz.,  tartarate  of  cupric  oxide  and  soda,  for  his 
experiments.  In  the  frog,  copper  acts  eminently  in  paralysing  the 
voluntary  muscles.  A  quantity  of  the  solution  of  the  copper  salt^ 
which  contained  half  to  one  milligramme  of  copper  oxide  injected 
subcutaneously  into  a  frog,  produced,  after  a  few  horn's,  complete 
paralysis,  and  with  3  milligrammes  CuO  the  same  result  after  one 
hour.  In  rabbits  0*05  grms.  GuO  injected  subcutaneously,  or  O'Ol 
to  0'15  into  the  veins  caused  death,  with  the  phenomena  of  paralysis 
of  the  heart  and  respiration,  in  the  former  case  after  a  few  hours,  in 
the  latter  after  a  few  minutes.  The  voluntary  muscles,  specially 
those  of  the  posterior  extremities,  lose  their  excitability  completely, 
so  that  the  strongest  induction  shocks  are  without  effect;  there  ia 
neither  dyspnoeic  breathing  nor  convidsions.  The  pupils  are  dilated. 
The  result  is  similar  in  dogs  on  introducing  0*4  to  0'025  grm.  CuO 
subcutaneously  or  into  the  veins.  By  this  method  of  exhibition 
vomiting  does  not  occur,  which.is  in  opposition  to  Orfila's  result,  but 
in  unison  with  Daletzky^s  (St.  Petersburg  Dissertation,  1857).  To 
produce  vomiting  0*6  to  0*7  grm.  CuO  required  to  be  introduced  into 
the  stomach,  whereby  of  course  the  general  action  was  prevented. 

The  zinc-salts  conduct  themselves  similarly  to  the  copper-salts. 
The  author  employed  the  phosphate  of  zinc  oxide  and  soda  and  the 
valerianate  of  zinc.  The  animiEds  resist  the  zinc  salts  better  than  the 
copper  salts.  The  minimum  dose  of  ZnO  is  0*002  grms.  for  the  pro- 
duction of  complete  muscular  paralysis  in  frogs,  and  with  small  doses 
the  animals  recover.  In  dogs,  0*4  to  0 '5  grm.  given  subcutaneously 
or  injected  into  the  stomach  produce  vomiting,  0*1  to  0*12  grm« 
ZnO  injected  into  the  veins,  death. 

Various  other  metallic  salts,  which  do  not  possess  a  specific 
emetic  action,  as  the  salts  of  lead,  manganese,  tin,  do  not  exting^uish 
the  muscular  irritability  when  they  are  not  employed  in  too  large 
lethal  dosea  Mercury  salts,  on  account  of  their  violent  local  action, 
are  not  well  suited  for  comparison. 

In  addition  to  these  salts  the  author  investigated  asaron  and 
colchicin.  The  former  is  derived  from  Asarum  europcemn.  In  doses 
of  0*01  grm.  introduced  into  the  stomach  it  acts  as  a  powerful 
paralyser  of  the  muscles  in  frogs.  Frogs  must  receive  internally 
0'05  grm.  of  colchicin  in  order  to  obtain  muscular  paralysis.  Even 
then  it  occurred  late,  and  the  heart  is  also  affected  late. 

Regarding  the  connection  between  the  emetic  and  the  muscle- 
paralysing  action,  only  this  is  certain,  that  these  two  phenomena  do 
not  stand  in  the  relation  of  cause  and  effect. 

Bone.     '<  Changes  in  cartilage  before  ossification."     O.  Rosenthal, ' 

CerUralblatt  No.  35,  1875. "On  the  formation  of  bone."     Arch. 

fur  Mikrascop,  Anat,,  1875. 
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« 

-  JotTtts,  "On  the  hip-  and  shoulder-joints,  and  on  joints  in 
general."  H.  Welcker,  ZeiUch,  f.  AtuU.  u,  Untvncklungs.  i.  41. 
Abstract  in  CerUrcUblalty  Ko.  35^  1875. 

Miscellanea. 

**  Experimental  Pathological  Studies  on  the  physiological  action 
of  toxic  and  medicinal  substances."  M.  Yulpian,  Le  Progres 
Medical,  April,  1875  (Abstract  in  London  Med.  Rec.  Nos.  122,  123,  ^ 

124). "  On  Picrotoxine  and  the  antagonism  between  Picrotoxine 

and   Chloral-hydrate.''     Crichton   Browne,    British  Med.    Joumaly 
March  27,  April  3,  10,  17  and  24  (Abstract  in  Lond.  Med.  Rec. 

No.  122,  1875). "liie  mechanism  of  the  action  of  Quinine  on 

the  circulatory  system,  and  its  action  on  muscular  fibre  in  genemL'' 

V.   Chirone,   Lo  J^}eri7nentale,  xxvi.    1875. "On    the  Graphic 

Method  in  the  experimental  sciences,  and  on  its  special  application 
to  Medicine."    Marey  in  Brit.   Med.   Joum,,  Jan.  Ist  and  15tb, 

1876. "The   transference   of  matters  from  the  Mother   to  the 

Foetus."     Benicke,    Allgein.    Wiener  Med.  Zeitung,  No.  40,   1875. 

(Abstract  in  Brit.  Med.    Joum.,   Dec.    25,    1875). ^**  Spectrum 

of  Fish-pigment."     G.  Francis,  Naivn-e,  Dec.  30th,   1875. "  On 

the  action    of  intra-venous   isjections   of   Chloral    on    the   Vaso- 
motor Nerves."     P.  Heger  and  Sti^on,  Annal.   de   la   Societe  de 

M6d,  de  Goffid.  June,  1875. "A  Study  of  the  Movements  of  the 

TJnimpregnated  Uterus."     E.  van  de  Warker,  pp.  26,  New  York, 

1875. **0n  the  functions  of  the  Levator  Ani,  with  reference  to 

pathogenesis."  J.^M^e,  Berlin  Klin.  IFocAerwcA ,  July  5th.  (Abstr.  in 

Lond.  Med.  Rec.  Aug.  16th,  1875.) "Influence  of  compressed  air 

on   Fermentations."     P.    Beiii,    Comptes    rendus,  June,    1875. 

"  Physiological  action  of  Geselmia."    J.  Ott. "  On  the  occurrence 

of  Alcohol  in  the  Organism.     A.  Rajewsky,  Ffluger*s  Arch.  xi.  122. 

«<0n  the  Amorphous   Ferments."     O.    Nasse,   Ibid.   xi.   138. 

'^  Inhibition    of   the    action    of  Ferments  in  the  living  ammaL'* 
B.  Luchsinger,  Ibid.  xi.  502. 

On  the  Acttion  of  Chloral  Htd&ate  and  Cboton  Chloral 
Hydrate, — J.  V.  Mering  {Archiv  fwr  Experiment.  Fatliologie  und 
Fharmak.  iil  185,  and  Centralblatt,  No.  37^  1875)  from  his  experi- 
ments with  croton  chloral-hydrate,  when  given  in  small  doses  to 
rabbits  before  the  cessation  of  the  reflex  action  from  the  cornea, 
conaiderably  slows  the  respiration ;  and  when  the  cornea-reflex  is 
extinguished  the  number  of  respirations  is  diminished  by  a  hal£ 
The  substance  (0*6  gramme)  was  introduced  subcutaneously,  or 
divided  in  scarcely  half  as  large  total  doses  and  injected  into  the 
veins.  Similar  results  were  obtained  from  parallel  experiments  with 
chloral  hydrate.  Croton  chloral-hydrate  acts  upon  the  frog's  heart 
similar  to  chloral  hydrate  by  even  small  doses  (0*025  gramme  given 
subcutaneously)  causing  cessation  of  its  action.  Blood-pressure 
experiments  upon  dogs,  cats,  and  rabbits  were  performed  with  both 
substances.  Small  doses  diminish  the  blood-pressure  temporarily, 
whilst  large  doses  diminish  it  continuously,  till  the  blood-pressure 
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ourve  reaches  the  abscisfta.  The  pulse-beats  are  at  first  increased  by 
both  drugs,  and  this  increase  lasts  somewhat  longer  with  oroton 
chloral  hydrate.  At  a  cei-tsdn  stage  of  the  experiments  the  blood- 
pressure  remained  continually  low,  in  spite  of  great  blood-movements. 
This  seems  to  show  that  the  croton  chloral  hydrate  extinguishes  the 
arterial  tonus,  the  heart's  energy  still  continuing,  this  being,  as  is 
known,  asserted  of  chloroform  and  chloral  hydrate.  From  these 
and  former  experiments  there  seems  to  be  a  great  similarity  in  the 
actions  of  the  three  above-mentioned  drugs. 

Lastly,  the  author  combats  Liebreich's  theory  of  the  action  of 
croton  chloral  hydrate.  According  to  this  theory  this  substance  in 
alkaline  blood  splits  up  into  dichlorallylen,  hydrochloric  acid,  and 
formic  acid,  and  the  formdr,  analogous  to  aethyliden  chloride,  is  the 
active  factor. 

The  author  employed  only  the  trichlorcrotonate  of  soda.,  which 
even  in  the  cold  in  dilute  alksdine  solutions  passes  into  dichlorallylen. 
This  substance  was  injected  into  r&bbits,  and  even  when  five  grammes 
were  Injected,  it  had  no  effect. 

On  the  Mode  of  Action  cp  the  most  frequently  ehploteo 
EiiETica — H.  Chouppe  {Archiv  de  phyaioL  ruynn.  et  pathol.j  1875, 
101)  on  injecting  apomorphin  into  the  veins  of  dogs,  produced 
Tomiting,  which  occurred  more  rapidly  (after  two  minutes),  but 
not  so  oi^n,  and  ceased  more  quickly  than  by  subcutaneous  injec- 
tion. A  watery  solution  of  emetin  neutralised  by  citiic  acid  has  a 
similar  action,  or  if  employed  as  a  decoction  of  the  ipecacuanha  root, 
the  Yomitiiig  occurrs  later  however  (after  about  a  quarter  of  an 
hour).  The  necessary  doses  are  about  the  same  as  when  employed  sub- 
cutaneously,  viz.  0*002  apomorphin  as  a  minimum,  002 — 0*10  emetic, 
more  than  0*10  grm.  is  fatal;  for  taiiiar  emetic  0*15  to  0*20  grm. 
After  section  of  the  vagi  below  the  diaphragm,  emetin,  as  D'Omellus 
had  already  found,  loses  its  effect;  whilst  apomorphin  and  tartar- 
emetic  act  the  same  as  on  intact  animals.  The  same  dog  upon 
which  the  largest  possible  doses  of  emetin  produced  no  effect  vomited 
with  same  doses  of  apomorphin  or  tartar-emetic.  As  the  animals 
after  section  of  the  vagi  often  vomited  for  a  short  time  after  the 
operation,  the  author  always  allowed  several  hours  to  elapse  before 
the  above  experiment  was  performed.  Even  after  complete  extir- 
pation of  the  stomach  the  author  observed  that  apomorphin  was 
still  active, — as  Magendie  showed  for  tartar  emetic, — ^by  its  pro- 
ducing violent  vomiting  movements,  which  of  course  in  this  case 
were  absent  when  emetin  was  given. 

From  these  experiments  emetin  produces  its  effects  by  acting  on 
the  vomiting  centre  in  the  medulla  oblongata,  by  stimulating  the  fibres 
of  the  vagus  ending  in  the  gastric  mucous  membrane.  That  the 
action  does  not  occur  through  the  medium  of  sympathetic  fibres  is 
shown  by  the  following  experiment.  After  section  of  the  cord  in  the 
neck  below  the  second  vertebra,  emetin  injected  into  the  veins  pro- 
duced strong  contractions  of  the  exposed  stomach,  such  as  are  to  be 
observed  during  the  act  of  yomiting,  and  vomiting  movements  in 
the  pharynx  and  mouth ;  an  actual  evacuation  could  of  course  not 
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take  place  on  aocoimt  of  the  paralysis  of  the  diaphragm  and  ibe 
abdominal  muscles.  That  the  Yomiting  which  follows  the  intro- 
duction of  ipecacuana  preparations  into  the  stomach  occors  more 
rapidly  than  when  they  are  injected  into  the  veins  agrees  very  well 
with  the  view  of  the  action  on  the  gastric  mucous  membrane.  From 
analogous  grounds  it  is  probable  that  in  the  case  of  apomorphin 
there  is  a  direct  stimulation  of  the  centre  in  the  medulla,  still  the 
author  admits  that  there  may  be  an  action  on  the  peripheral  ends  of 
the  vagus.  He  also  assumes  the  same  mode  of  action  for  tartar- 
emetic,  only  in  this  case  the  reflex  path  (from  the  gastric,  oBSOpha- 
geal  or  pharyngeal  mucous  membrane)  is  the  more  effective,  for  as 
is  known,  by  direct  appHcation  smaller  doses  are  required  than  bj 
injection  into  the  veins.  With  apomorphin  the  reverse  is  the  case. 
A  direct  proof  of  the  action  of  tartar-emetic  on  the  vomiting  centre 
is  not  given. 

Ox  THE  Phosphorescence  of  Dead  OBGANisMa — K  Fflflger, 
{Pfliiger^a  Archiv,  xi.  222)  in  a  paper  partly  experimental  and  largely 
historical,  discusses  the  cause  of  the  phosphorescence  exhibited  by 
dead  organisms.  On  observing  by  daylight  a  surface  which  has  been 
luminous,  it  is  always  found  to  be  covered  by  a  whitish  dirty  slime, 
which  may  sometimes  be  from  two  to  four  millimetres  in  thickness. 
It  is  this  slime  or  its  constituents  which  possess  the  property  of 
phosphorescence.  The  most  important  feict  connected  witii  this  lumi- 
nosity is,  that  it  depends  upon  the  presence  of  oxygen.  As  one 
expeiiment  made  by  the  author,  showing  the  consumption  of  oxygen, 
may  be  mentioned  the  following.  A  solution  of  crystallised  hsemo- 
globin  of  such  a  strength  that  the  two  absorption  bands  were  clearly 
to  be  observed  spectroscopically,  was  treated  with  a  few  cubic  centi- 
metres of  luminous  salt  water,  and  the  whole  placed  in  a  hatching 
apparatus  and  warmed  for  a  tew  minutes.  The  oxyhsemoglobin 
absorption  bands  totally  disappeared,  and  the  single  reduction  band 
of  Stokes  was  present.  On  shaking  the  mixture  a  little  the  two 
absorption-bands  again  reappeared.  Heat  aloue,  as  is  well  known, 
only  causes  the  oxygen  to  disappear  from  a  solution  of  oxyhsemo- 
globin  after  a  long  tima  Here  excessively  small  quantities  of  O 
caused  an  increase  in  the  phosphorescence  of  luminous  water.  Ex- 
periments were  then  made  with  substances  which  destroyed  fermen- 
tation and  putrefaction  by  killing  the  organisms.  Alcohol  and 
carbolic  acid  rendered  the  lumiDous  water  at  once  dark.  Fresh- 
water flsh  are  not  phosphorescent  unless  they  have  come  in  contact 
with  salt-water  fish,  and  in  the  few  cases  where  they  have  been 
observed  to  be  phosphorescent  this  may  be  explained  by  infection 
from  some  sea-fish. 

The  microscopic  structure  of  the  slime  covering  the  bodies  of 
phosphorescent  iish  was  then  investigated.  It  was  found  to  consist 
of  lower  organisms,  the  so-called  schizomyceten,  which  are  the  proper 
luminous  materials.  This  was  shown  by  a  filtration  experiment^ 
where  the  organisms  were  retained  upon  the  filter  (fine  thick  non- 
sized  printing  paper;  Swedish  filtering  paper  does  not  do;)  which 
remained  luminous,  while  the  perfectly  clear  filtrate  was  absolutely 
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non-luminous,  this  clearly  showing  that  the  small  living  cells  of  the 
fichizomyceten  are  the  cause  of  the.  luminosity;  and  further,  the 
author's  experiments  furnish  stroug  proofs  that  the  schizomyceten 
do  not  arise  ''spontaneously/'  but  are  derived  from  spores. 

In  framing  any  theory  of  physiological  phosphorescence  the 
following  chief  points  must  be  kept  in  view. 

1.  The  intensity  of  the  light  is  generally  extraordinarily  weak, 
and  therefore  the  phosphorescence  can  only  be  well  observed  by  a 
retina  which  has  become  very  exciteable  by  being  long  in  darkness. 
The  retiua  is  then  in  such  a  case  of  almost  endless  sensibility. 

2.  The  development  of  light  is  caused  by  oxydation. 

3.  According  to  our  present  knowledge  there  is  no  living  cellular 
substance  which  is  so  darkly  coloured  by  perosmio  acid  as  the  ''light 
cells"  (lampyris).  Nowhere,  therefore,  do  the  atoms  which  bind  the 
oxygen  in  the  living  cell-substance  lie  so  densely  as  in  the  light  sub- 
stauce.     [Lond,  Med.  Rec,j  Dec.  15th,  1875.] 

The  Relation  op  Sulphindigotate  of  Soda  to  the  Tissues 
OF  the  Living  Body. — L.  Gerlach,  of  Erlangen  (Centralblatt  fur  die 
Medicinische  Wissenschafteny  No.  48,  1875),  adopted  the  method  of 
saturating  the  tissues  with  this  substance  for  days  and  even  weeks 
together;  the  former  experimenters,  Heidenhain,  Kupfer,  Von 
Wittich  and  Thoma  only  injected  such  a  quantity  of  indigo-carmine 
as  remained  in  the  body  for  a  comparatively  short  time.  The  author 
injected  indigo-carmine  into  the  lymph-sac  of  several  frogs  and  killed 
them  at  intervals  of  two  days,  always  renewing  the  injections.  The 
microscopic  examination  showed,  that  the  white  blood-corpuscles  are 
capable  of  taking  up  indigo-carmine. 

1.  The  first  traces  of  this  action  appear  on  the  third  day  after 
the  introduction  of  the  colouring  matter.  After  this  time  both  the 
number  of  cells  which  contain  the  pigment  and  the  quantity  of  pig- 
ment in  the  individual  cells  increase. 

2.  The  cells  of  the  connective  tissue,  e,g,  of  the  tendons,  take  up 
the  colouring  matter.     This  is  to  be  observed  from  the  fourth  day. 

3.  No  indigo-pigment  is  deposited  in  the  bone-cells. 

4.  The  pigment  is  found  in  the  cartilaginous,  e.g.  the  articular 
cartilage  of  hip- joint,  from  the  fifth  day  onwards.  None  is  found  in 
the  ground-substance  or  matrix.  . 

5.  The  nerve-cells  never  contain  the  indigo;  only  in  a  few  cases 
was  it  found  in  the  sympathetic  ganglion-cells  between  the  cell-con* 
tents  and  the  sheath. 

6.  The  blue  colouration  of  the  epithelial  cement  pointed  out  by 
Thoma  and  Kilttner  is  ajso  true  for  that  of  the  so-called  endothelium. 
{Lond.  Med,  Eec,,  Jan.  15th,  1876.] 

On  the  Action  of  Ltcoctonia. — ^This  vegetable  principle  is 
found  in  the  Aconitum  lycoctonium,  and  an  account  of  some  experi- 
ments made  upon  it  by  Dr  Isaac  Ott,  of  Philadelphia,  is  given  in  the 
FhHadelphia  Medical  Times  of  Oct.  16.  He  says  with  a  dose  of  *005 
to  '06  gramme  subcutaneously  in  frogs,  sensibility  remained  intact, 
the  spinal  cord  appeared  not  directly  affected,  the  motor  nerves  were 
paralysed,  muscles  excitable,  pupil  contracted,  disappearance  of  respi- 
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ratoiy  moyements,  heart  beating  for  a  very  long  time  after  the 
absence  of  every  sign  of  life.  In  the  majority  of  cases  he  found  the 
motor  nerves  completely  non-irritable,  but  in  some  frogs,  without 
regard  to  species,  and  even  in  the  same  species,  the  motor  nerves 
were  not  completely  paralysed.  As  to  its  effects  upon  the  circulation, 
it  was  found  that  immediately  after  its  injection  into  rabbits  the 
pulse  waves  were  considerably  greater  and  steeper.  In  small  doses, 
like  aconitia,  its  action  on  the  heart  causes  a  deliriimi  cordis,  that 
is,  periods  when  the  pulse  is  greatly  slowed  whilst  the  pressure  rises 
and  falls  in  a  manner  not  to  be  predicted.  In  larger  doses  there  is 
reduction  of  both  the  pulde  and  the  blood-pressure.  The  vagi  are  not 
paralysed  by  small  doses,  while  they  are  so  affected  by  large  ones. 
The  following  are  the  conclusions  arrived  at.  1.  Lycoctonia  is  a 
weaker  toxicant  than  aconitia.  2.  It  kills  mainly  through  the  respi- 
ratory apparatus.  3.  It  paralyses  the  motor  nerves.  4.  It  does  not 
affect  the  sensory  nerves,  spinal  cord,  or  the  striated  muscles.  5.  It 
reduces  the  blood-pressure  and  pulse  without  any  previous  rise  of  the 
former  as  produced  by  aconitia.  6.  The  decreajsed  pulse-rate  and 
pressure  are  due  to  any  action  on  the  intercardiao  nervous  apparatus. 
7.  The  pneumogastrics  are  paralysed  only  by  large  doses.  8.  The 
delirium  cordis  produced  by  smaU  doses  is  due  to  a  change  in  the 
mechanism  of  the  nervous  apparatus  of  the  heart. 

Physiological  Action  op  Nitrite  op  Amyl. — Berger  (AUgein 
Med.  CentrcUzeitung,  1874)  found  that^  in  non-curarised  dogs,  whose 
vagi  were  derived,  the  division  of  the  spinal  cord  below  the  atlas  was 
followed  by  a  lowering  of  the  blood-pressure  when  the  vapour  of 
amyl  nitrite  was  introduced  into  the  lungs  by  artificial  respiration. 
The  lowering  of  the  blood-pressure  by  nitrite  of  amyl,  is  therefore 
not  dependent  on  the  vaso-motor  centre  in  the  medulla.  The  fre- 
quency of  the  pulse  in  warm  blooded  animals  was  always  increased ; 
the  respiration  retarded  by  fatal  doses.-— —Aiso  Samelsohn,  Berlin 
Klin.  Wochenschr.f  Jan.  14,  1875.  (Abstract  in  Lond.  Med.  Bee., 
Aug.,  1875. 
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ON   THE  COMPARISON  OF  THE  FORE  AND  HIND 
LIMBS  IN  VERTEBRATES.    By  Professor  Humphry. 

The  homological  comparison  of  the  limbs  having  been  made  the 
subject  of  an  inaugural  dissertation  in  the  University  of  Kiel 
by  Dr  Albrecht^,  I  think  it  well  to  make  a  few  remarks  upon 
it  which  are,  in  great  measure,  a  repetition  of  observations 
already  published  in  this  Journal  and  elsewhere. 

Dr  Alhrecht  first  gives  a  refutation  of  the  torsion  theory  of  the 
humerus^  which,  propounded  by  M.  Martins,  of  Montpellier',  as  an ' 
ideal  theory  affordiug  a  clue  to  the  homological  comparison  of  th^ 
fore  and  hind  limbs,  has  been  enunciated  as  the  expression  of  an  actual 
process — an  actual  twisting  of  the  bone  in  its  length  during  develop- 
ment— by  Gegenbaur*.  According  to  this  view  the  lower  end  of 
the  humerus,  and  with  it  the  forearm  and  hand,  undergoes  a  rota* 
tion  upon  the  upper  end  of  the  bone  to  the  extent  of  nearly  a  half 
circle.  The  outer  condyle  and  the  radius  are  supposed  to  have  been 
originally  internal,  so  corresponding  in  position  with  the  internal 
condjle  of  the  femar  and  the  tibia;  and  the  internal  condyle  of  the 
humerus  and  the  ulna  are  supposed  to  have  been  external,  so  corre- 
sponding with  the  external  condyle  of  the  femur  and  the  fibula ;  but 
in  the  course  of  development,  by  a  rotation  or  twist  taking  place  in 
the  shaft  of  the  humerus,  the  radius  and  its  condyle  are  supposed  to 
have  passed  gradually  backwards,  postaxially,  behind  the  ulna  and 
it«  condyle  till  they  assumed  their  position  on  the  outer  side  of  the 
limb.  The  arguments  in  favour  of  this  view  are,  first,  the  direction 
of  the  lines  on  the  shaft  of  the  humerus  and  of  the  groove  for  the 
radial  nerve,  which  gives  tlie  appearance  of  such  a  twist  having  taken 
place ;  and,  secondly,  the  observation  of  Qegenbaur,  from  measure- 
ment, that  the  angle  formed  by  the  transverue  axis  of  the  lower  end 
of  the  humerus  with  the  axis  of  the  upper  end,  that  ia  a  line  drawn 

1  Beitrag  zur  Tonionstheorie  des  Humerui  und  zur  morphologUcken  Stellung 
der  Patella  in  der  Reihe  der  Wirbelthiere,     Yon  Paul  Albreoht  aus  Hamburg. 
>  MSfiL  de  VAcad.  de  Montpellier,  ixi.     1857. 
*  Jenaisehe  ZeiUehrift,  nr. 
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through  the  greatest  diameter  of  the  upper  articular  surface  (from 
the  supra-spinatus  projection  to  the  under  prolonged  lip),  varies 
during  development,  and  varies  in  a  direction  corresponding  with 
the  supposed  torsion. 

Wi^  regard  to  the  first  axgument,  Albrecht  remarks  that  the 
y)lblique  lines  a^e  no  evidence  of  ^  twisting  of  the  bone,  anj  more  than 
similar  oblique  lines  on  other  bones,  for  instance  the  fibula  and  the 
femur,  are  to  be  regarded -as  indications  of  a  twisting  having  taken 
place  in  them.  With  r^;ard  to  the  second  argrument,  he  shows  that 
the  measurements  given  by  Gegenbaur  of  the  angles  formed  hj  the 
axes  of  the  two  ends  of  the  humerus,  as  a  means  of  estimating  the 
degree  of  torsion  which  the  bone  undergoes  in  its  shaft  during  the 
^veral  periods  of  growth,  are  far  too  variable  and  uncertain  to  admit 
of  any  such  theory  as  this  torsion  theory  of  the  arm  being  based 
upon  them.  He  further  shows  that  although,  by  resolving  or  un- 
twisting this  supposed  torsion  and  bringing  the  parts  to  their  imagi- 
nary primitive  condition  the  course  of  the  radial  nerve  would  be  ^ 
straightened  and  simplified,  yet  this  would  be  a  deviation  from  its  ^  1 
course  in  the  simpler  limb  of  the  Amphibian,  and  the  several  other  i 
structures  of  the  arm  would  be  strangely  contorted.  Not  merely  the 
brachial  artery  and  the  median  and  ulnar  nerves,  but  the  biceps  muscle, 
would  be  compelled  to  curl  round  the  outer  side  of  the  lunb  to  its  | 
posterior  aspect,  and  the  triceps  extensor  muscle  would  have  to  curl 
round  the  inner  side  of  the  limb  to  its  destination  in  the  olecranon, 
which  would  be  thrown  to  the  front.  Moreover  a  want  of  coinci- 
dence of  the  axes  of  the  articular  ends  is  no  uncommon  thing  in 
other  bones,  and  is  not  regarded  as  an  indication  of  any  such  develop- 
ment or  torsion  having  taken  place  in  them.  He  shows  also  that  in 
the  vei-tebrate  series  no  gradually  increasing  torsion  in  the  humerus 
is  to  be  distinguished,  and  points  out  that  the  degree  of  the  angle 
formed  between  the  axes  of  the  upper  and  lower  ends  of  the  bone 
depends  mainly  upon  the  relation  of  the  humerus  to  the  scapula  at 
the  shoulder  joint,  and  concludes  therefore  that,  phylogenetically  as 
Well  as  ontogenetically,  the  evidence  of  such  torsion  is  wanting. 

In  this  conclusion  I  fully  concur.  In  my  Observations  on  the 
lAmbs  of  Vertebrate  Animals^  1860,  p.  22,  I  make  the  following 
objections  to  M.  Martins'  theory,  which  are  similar  to  some  of 
those  now  adduced  by  I>r  Albrecht. 

'*  Although  the  relations  of  the  articular  surfaces  of  the  humerus 
to  one  another,  and  the  direction  of  the  lines  upon  its  shaft,  are 
oblique,  and  so  might  be  thought  to  offer  some  countenance  to  such 
a  view,  yet  the  same  kind  of  obliquity  may  be  observed  in  the 
case  of  all,  or  nearly  all,  the  other  long  bones ;  and  the  lines  upon 
the  humerus  and  other  long  bones  do  not  appear  with  any  degree  of 
distinctncRs  till  the  general  form  of  the  bones  has  been  acquired  and 
the  position  of  the  articular  surfaces  fixed.  Secondly,  no  such  torsion 
as  that  contended  for  has  been  observed  to  take  place  at  any  period 
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of  deyelopment.  M.  Martind  is  aware  of  tliid;  and,  therefote^  de- 
scribes it  as  a  virtticU,  rather  than  as  an  (kctfual,  torsion.  Thirdly, 
this  supposed  mrtual  torsion  is  in  an  opposite  direction  to  the  real 
torsion  of  the  limb,  which  takes  place  daring  development,  and  which 
has  been  referred  to  in  the  preceding  pages.  It  does  not,  therefore, 
accord  with  the  disposition  of  the  yarious  soft  parts.  Fourthly,  it  is 
improbable  that  an  important  principle  would  have  been  carried  out 
so  completely  in  the  humerus,  without  there  being  something  of  a 
similar  nature  observable  in  the  case  of  the  other  long  bones,  more 
especially  in  the  femur,  which  M.  Martins  does  not  admit  to  be  the 
case.** 

Dr  Albrecbt  has  therefore,  in  my  opinion,  done  good  ser* 
vice  iu  the  first  part  of  bis  dissertation  by  giving  additional 
arguments  in  disproof  of  the  torsion  theory  of  the  humerus. 
Here,  however,  my  agreement  with  him  ceases ;  for  the  theory 
which  he  endeavours  to  substitute  for  it  appears  to  be  as 
untenable,  from  a  morphological,  developmental,  or  any  other, 
point  of  view,  as  the  torsion  theory  itself.  He  conceives  that 
the  clue  to  a  correct  comparison  of  the  fore  and  the  hind  limbs 
is  afforded  by  the  supposition  that  the  radius  is  primarily 
situated,  internally,  upon  the  inner  condyle  of  the  humerus, 
and  gradually  passes  in  front  of  the  ulna^  preazially,  to  gain  its 
final  position  upon  the  outer  condyle,  that  thus  in  its  primitive 
position  upon  the  inner  condyle  it  occupied  a  place  correspond- 
ing with  that  of  the  tibia  upon  the  inner  condyle  of  the  femur, 
but  subsequently,  in  process  of  development,  as  also  in  the 
ascending  animal  series,  it  departs  from  that  position  and 
becomes  collocated  with  the  outer  condyle.  In  like  manner  the 
ulna  passes,  post-axially,  from  the  outer  to  the  inner  condyle  of 
the  humerus.  He  therefore  assumes,  like  M.  Martins,  a  torsion 
in  the  fore  limb  to  the  extent  of  a  half  circle,  or  nearly  so,  but 
differs  from  him  in  the  part  of  the  limb  in  which  that  torsion 
takes  place.  The  one  assumes  it  to  be  in  the  shaft  of  the 
humerus,  to  be  a  post-axial  movement  of  tbe  radius  and  outer 
condyle,  and  a  pre-axial  movement  of  the  ulna  and  inner 
condyle,  and  to  affect  all  the  limb  below  the  middle  of  the 
humerus.  The  other  assumes  it  to  take  place  at  the  elbow,  to 
consist  of  a  pre-axial  movement  of  the  radius,  and  a  post-axial 
movement  of  the  ulna,  and  to  affect  all  the  limb  below  the 
humeinis.  The  one  theory  assumes  a  twist  between  the  two 
ends  of  a  bone  taking  place  in  its  shaft;  the  other  assumes  the 
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interchange  of  position  of  two  long  bones  by  their  sliding  upon 
one  another  on  the  articular  end  of  a  third  long  bone.  In  both 
theories  the  flexor  aspect  of  the  arm  is  considered,  primarily,  to 
be  continued  into  the  extensor  aspect  of  the  forearm  and  hand, 
and  to  correspond  with  the  extensor  aspect  of  the  thigh,  the 
biceps  flexor  antihrachii  being  regarded  as  serially  homologous 
with  the  quadriceps  extensor  cruris, 

Dr  Albrecht  supports  his  view  phylogenetically — by  argu- 
ments drawn  from  the  animal  series— ,ontogenetically — ^by  argu- 
ments drawn  from  individual  development — ,arid  by  the  observa- 
tion of  the  distribution  of  the  nerves  in  the  two  limbs. 

The  argument  from  the  animal  series  is  briefly  as  follows: 
Beginning  with  Ichthyosaurus  he  finds,  in  this   animal,  that  * 
the  radius  lies  at  the  internal  condyle  of  the  humerus,  and 
the  ulna  at  the  external  condyle;  that  in  Flesiosaurus  the  radius  is 
somewhat  more  anterior,  also  in  tailed  and  tailless  Amphibians 
and  in  Reptiles ;  and  as  we  ascend  to  the  higher  vertebrates, 
although,  in  some  Mammals,  it  is  anterior,  it  gradually  assumes 
the  external  position  which  it  holds  in  Monkeys  and  in  Man. 
It  is  not  necessary  to  go  into  the  details  of  this  argument,  as 
it  is  evident  that  the  foundation  stone  of  it  is  the  position  of  the 
radius  and  ulna,  respectively,  at  the  internd  and  external  con* 
dyles  of  the  humerus  in  the  Ichthyosaurus  and  Flesiosaurus;  and 
unless  that  is  proved,  or  unless  it  can  be  shown  that  such  is  the 
position  of  these  two  bones  in  some  other  animal,  the  whole 
phylogenetical  pillar  of  the  structure  falls  to  the  ground.    I 
have  examined  a  good  many  specimens  of  Ichthyosaurus  and 
Flesiosaurus,  and  in  every  one  of  them  the  bone  designated 
as  radius  is  in  contact  with   the  anterior  shelving  facet,  or 
condyle,  at  the  distal  end  of  the  flattened  humerus,  and  the 
bone  designated  as  tibia  occupies  a  corresponding  position  with 
regard  to  the  femur,  while  the  ulna  and  the  fibula  are  in  con- 
tact with  the  respective  posterior  condyles  of  the  humerus  and 
femur;  and  I  am  quite  at  a  loss  to  discover  upon  what  ground 
Dr  Albrecht  describes  the  radius  and  the  condyle  of  the  hume- 
rus upon  which  it  rests  as  internal.    Indeed  I  am  not  aware  of 
a  single  instance  in  the  whole  animal  series  in  which  the  radius 
occupies  the  position  which  Dr  Albrecht  claims  for  it  in  the 
Enaliosaurians.     It  is  possible  that  he  may  have  been  unfortu^ 
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tiate  hi  the  specimens  of  these  animals  selected,  and  that  the 
bones  in  them  may  have  been  displaced,  as  they  are  liable  to  be 
more  or  less,  from  their  normal  position.  Yet  in  ope  of  Dr 
Albrecht's  plates,  where  the  fore  limbs  of  these  creatures  are 
contrasted  with  those  of  other  animals,  the  parts  are  con*ectly 
represented,  and  the  connection  of  the  radius  with  the  anterior 
condyle  of  the  humerus  of  the  Ichthyosaurus  and  of  the  Plesio- 
saurus,  with  the  anterior  condyle  of  the  Salamander,  with  the 
anterior  and  external  condyle  of  the  Crocodile  and  Dasypus,  with 
both  condyles  of  the  Ruminant,  and  with  the  external  condyle 
of  the  Monkey,  is  well  shown. 

In  a  review  (p.  27)  of  the  position  of  the  bones  of  the  fore* 
arm  the  Ichthyosaurus  is  omitted.  It  is  said  that  in  Plesio* 
saurus  the  radius  is  internal,  the  ulna  external  (it  had  been 
previously  stated  that  this  is  less  markedly  so  than  in  Ichthyo* 
saurus) ;  that  in  Reptiles  and  in  lower  Mammals  the  radius  is 
anterior  and  the  ulna  posterior,  and  that  in  higher  Mammals 
the  radius  is  external  and  the  ulna  internal;  that  between  the 
first  stage  in  Plesiosaurus  and  the  second  in  Reptiles  and  lower 
Mammals  all  intermediate  gradations  may  be  found  in  Amphi- 
bians; and  that  between  the  second  and  the  third  stages  con- 
necting links  are  met  with  in  the  lower  Mammals.  I  would 
ask  Dr  Albrecht  again  carefully  to  examine  the  Plesiosaurus  as 
well  as  the  Ichthyosaurus,  of  which  so  many  good  specimens  may 
be  seen  in  the  various  museums  of  Europe;  and  I  think  he 
cannot  fail  to  admit  that  in  them,  even  more  markedly  than  in 
Amphibians,  the  radius  is  anterior  and  the  ulna  is  posterior. 
If  he  will  also  again  review  the  specimens  of  the  animal  series 
he  will,  I  think,  find  that  the  transition  of  the  radius  upon  the 
articular  surface  of  the  humerus,  if  transition  it  can  be  called,  is 
not,  as  he  supposes,  from  within  outwards;  but  that  on  the 
contrary  the  radius  is  primarily  and  always  upon  the  anterior 
condyle  of  the  humerus,  and  that  as  that  condyle  becomes  ex^ 
temal  the  radius  sometimes  maintains  an  anterior  position  by 
extending  from  the  external  condyle,  more  or  less  across  the 
front  of  the  joint,  towards,  or  to,  the  internal  condyle.  In  so 
doing,  however,  it  does  not  leave  the  outer  condyle  (which  was 
primarily  anterior),  but  retains  a  very  abiding  connection  with 
it.     The  movement  or  rather  the  extension,  therefore,  is  not 
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from  within  ontwards,  but  the  reverse.  It  corresponds  indeed 
with  the  extension  of  the  tibia  from  the  internal  (this  was  also 
primarily  anterior)  condyle  of  the  femur  which  has  occurred  in 
BO  many  animals;  and  the  purpose  served  in  each  instance  is 
that  of  rendering  the  middle  segment  of  the  limb  a  better 
weight-bearing  column  than  it  would  have  been  by  a  more 
equal  division  of  the  work  between  the  two  bones  of  the  seg- 
ment; and  the  movement  of  the  ulna,  when  the  radius  does 
extend  across  the  front  of  the  joint,  is  in  the  opposite  direction, 
namely  from  within  outwards.  This  however  is  slight  and 
scarcely  worth  dwelling  upon. 

The  momentum  of  the  supposed  pre-axial  movement  of  the 
radius  and  post-axial  movement  of  the  ulna  is  regarded  to  be 
the  pulling  of  the  supinator  muscles  in  the  one  case,  and  of  the 
triceps  muscle  in  the  other,  operating  through  time  in  the  animal 
series.  Seeing  no  reason  whatever  for  the  belief  in  such  move- 
ments, I  should  not  have  alluded  to  this  imaginary  cause  of  them 
had  I  not  thought  that  it  involved  a  fallacy  of  view  as  to  the  de- 
velopment  forces.  We  have  no  evidence  of  the  operation  of  mus- 
cular action  in  producing  such  displacements  or  alterations  of 
position.  On  the  contrary  the  tendency  to  a  change  of  this  kind 
under  the  increasing  action  or  increasing  force  of  a  muscle  is,  in 
the  normal  condition,  met  by  increasing  resistance  to  its  pull. 
Otherwise  the  radius  ought  long  ago  to  have  been  dragged  up 
the  arm,  and  the  humerus  should  have  been  drawn  from  the 
glenoid  cavity  upon  the  thorax. 

With  regard  to  the  developmental  evidence  in  favour  of 
the  pre-axial  movement  of  the  radius  from  the  internal  to  the 
external  condyle  of  the  humerus,  Dr  Albrecht's  investigations 
appear  to  have  been  confined  to  the  foetal  calf,  in  which,  at  the 
eighth  and  tenth  week,  he  finds  the  radius  internal  and  the 
ulna  lying  behind  it  and  more  external  than  in  the  grown 
animal.  The  account  is  briefly  and  not  very  clearly  given. 
Forasmuch  as  in  the  Buminant  the  radius,  being  the  chief 
weight-bearing  bone  of  the  forearm,  extends  quite  across  the 
elbow,  articulating  with  both  condyles  (as  the  tibia  com- 
monly extends  across  the  knee),  the  calf  is  scarcely  a  good 
instance  to  select  for  the  purpose  of  demonstrating  a  develop- 
mental change  of  position  in  that  bone  from  one  condyle  to  the 
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other.  Till  mucli  more  oonclusive  evidence  is  fumis&ed  from 
the  developmental  ground,  we  must  regard  the  ontological 
pillar  of  the  argument  as  resting  upon  no  stronger  foundation 
than  the  phylogenetical. 

To  the  distribution  of  the  nerves  I  will  shortly  return, 
merely  now  observing  that  the  argument  from  it  in  favour  of 
the  view  we  are  discussing,  will  not  be  found  to  be  any  stronger 
than  those  drawn  from  development  and  the  animal  8erie& 

I  feel,  therefore,  that  neither  the  theory  of  the  torsion  of  the 
humerus,  nor  that  of  the  movement  of  the  radius  and  ulna  at 
the  elbow,  will  aid  us  in  instituting  a  comparison  of  the  two 
limbs;  and  I  fall  back  upon  the  view  which  I  propounded 
in  1858^  which  subsequent  investigation  has  convinced  me  is 
correct,  and  which  certainly  has  the  merit  of  affording  a  simple 
and  easily  intelligible  solution  of  the  difficulties  which  have 
been  experienced. 

That  view  is  as  follows.  In  the  primitive  and  simple  con- 
dition, as  in  Ichthyosaurus  and  Plesiosaurus,  and  in  Cetaceans, 
the  limbs  are  flat,  paddle-like,  and  projected  nearly  horizon- 
tally from  their  girdles  and  from  the  trunk,  at  right  angles 
with  the  median  plane.  The  radial  and  tibial  margins — ^includ- 
ing the  poUex  and  the  radial  aspect  of  the  humerus  in  the  one 
limb,  and  the  hallux  and  the  tibial  aspect  of  the  femur  in  the 
other — are  directed  anteriorly,  the  ulnar  bnd  fibular  margins  are 
directed  posteriorly,  the  extensor  surfaces  are  dorsal  or  supe- 
rior, and  the  flexor  surfaces  are  ventral  or  inferior.  The  cora- 
coid  elements  of  the  girdle  in  the  one  limb,  and  the  ischiatic 
and  pubic  elements  of  the  girdle  in  the  other,  are  directed 
inferiorly  or  ventraJly;  and  the  scapular  and  iliac  elements 
are  directed  superiorly  or  dorsally.  So  that  the  scapula  and  the 
extensor  surfaces  of  the  arm,  of  the  fore-axm,  and  of  the  hand 
are  in  one  plane,  and  correspond,  severally,  with  the  ilium 
and  the  extensor  surfaces  of  the  thigh,  of  the  leg,  and  of  the 
foot,  which  are  in  the  same  plane :  while  the  coracoid  and  the 
flexor  surfaces  of  the  arm,  of  the  fore-arm,  and  of  the  hand,  in 
like  manner,  correspond  with  the  ischium  and  pubes,  and  with 
the  flexor  surfaces  of  the  thigh,  of  the  leg,  and  of  the  foot. 

1  In  mj  Treatisg  on  the  Human  Skeletont  also  in  my  Observatumt  on  the 
Limbs  of  Vertebrate  Animals,  1860. 
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We  have  only  to  replace  the  upper  and  lower,  altos  fore 
and  hind,  limbs  of  Man  or  any  other  animal,  into  this  first 
straight  horizontal  position,  in  which  they  run  out  parallel  with 
each  other  and  transversely  from  the  trunk,  and  the  several 
parts  in  the  two  limbs  are  seen  in  their  natund  simple  homo- 
logical  relations.  The  triceps  extensor  antibmckii  corresponds 
with  the  qiiadriceps  extensor  cruris;  the  patella^  commonly 
present  in  the  tendon  of  the  latter  muscle,  corresponds  with 
the  supra-anconeal  sesamoid  body  or  bone,  sometimes  (Batra- 
chians,  some  Birds,  and  Pteropus)  present  in  the  former* ;  the 
coraco-radial,  or  biceps,  muscle  and  the  humero-tdnar,  or  bra- 
chialis  anticus,  correspond  with  the  ischio-tibial  and  femoro* 
fibular,  or  hamstring,  muscles;  the  coraco-brachial  and  the 
pectoral-adductors  of  the  arm  correspond  with  the  ischio* 
femoral  adductors  of  the  thigh ;  the  deltoid  corresponds  with 
the  glutaeus ;  the  extensor  muscles  of  the  carpus  of  the  poller 
and  of  the  manual  digits  correspond  with  the  extensors  of  the 
tarsus  of  the  hallux  and  of  the  pedal  digits ;  the  flexors  in  the 
two  limbs  corresponding  in  like  manner'. 

As  the  limbs  depart  from  the  primitive  straight  horizontal 
position  and  acquire  the  ordinary  Mammalian  or  land  animal 
form,  fiexuresj  and  direction,  they  are  first  bent  upwards  at 
the  elbows  and  knees  both  alike,  and  by  a  second  flexure 
downwards  at  the  wrists  and  ankles  the  plantar  aspects  of 
both  are  brought  into  contact  with  the  gronnd;  but  now  the 
difference  between  the  two  limbs  commences^  in  that,  associated 
with  these  flexures,  is  an  inclination  in  opposite  directions  of 
the  elbows  and  knees  and  of  the  proximal  segments  of  the  two 
limbs,  corresponding  with  the  traction  function  of  the  one  limb» 
and  the  propelling  function  of  the  other;  while  the  distal 
segments  in  the  two  limbs  still  continue  to  correspond  with 
one  anothOT  in  position  and  direction  for  the    purpose    of 

1  The  homologioal  relations  of  tiie  'femoral  patella,*  imd  the  snpra'iuiconeal 
sesamoid  or  *  brachial  patella,'  are  munistakably  shown  in  the  stnmp-tailed 
Lizard  of  New  Holland  (Traehydosaurut  rugottu),  of  the  skeleton  of  which  there 
is  a  specimen  in  the  Moseom  of  the  Boyal  CJollege  of  Sorgeons  of  Bnghmd. 

*  For  fuller  details  of  these  homological  relationships  see  my  papers  on  the 
•<  Disposition  and  Homologies  of  the  extensor  and  flexor  Mnsdes  of  the  leg  and 
fore-arm/'  Vol.  ni.  of  this  Journal,  p.  320,  and  "  On  the  disposition  of  the  Mnsdes 
in  Vertebrated  Animals,"  this  Joumalf  Vol.  vi.  p.  851;  also  in  my  Obiervatiotu 
in  Myology,  p.  169,  and  elsewhere. 
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fulfilling  their  common  work  of  pressing  upon  the  ground 
and  propeUing  the  body.  Thus  the  knee  and  thigh  are 
slanted  forwards,  and  the  extensor  surface  of  the  leg  and  foot 
is,  as  a  consequence,  directed  forwards,  the  plantar  surface  of 
the  foot  remaining  upon  the  ground.  The  elbow  and  arm 
are,  however,  slanted  backwards;  and  at  the  same  time,  to 
maintain  the  requisite  position  of  the  fore-foot  upon  the  ground, 
pronation  takes  place  in  the  fore-arm.  Thus,  by  a  quarter 
turn  in  opposite  directions  in  each  of  the  two  limbs,  the  elbow 
and  the  knee,  and  the  dorsal  or  extensor  surfaces  of  the  two  limbs 
are  brought  opposite  to  one  another,  that  of  the  fore-limb  looking 
backwards,  and  that  of  the  hind-limb  looking  forwards ;  while 
by  the  movement  of  pronation  in  the  fore-arm  the  dorsal  or 
extensor  surface  of  the  distal  part  of  the  foreJimb  is,  like  that 
of  the  hind-limb,  still  directed  forwards.  In  the  fore-limb 
two  twists  occur,  a  quarter  turn  of  the  proximal  segment  back- 
wards, and  a  half  turn,  in  pronation,  of  the  distal  segment 
forwarda  The  gradations  of  these  changes  can  be  well  fol- 
lowed in  the  limbs  of  Amphibians  and  Reptiles.  It  will  be 
seen  to  take  place  easily  without  any  dislocation  or  torsion 
of  the  individual  parts;  and  it  may  be  followed  on  from  these 
lower  animals  to  Birds  and  Mammals. 

Even  a  cursory  glance  at  the  animal  series,  beginning  with 
Ichthyosaurus  and  Plesiosaurus  and  passing  through  Amphi- 
bians and  Reptiles  to  Birds  and  Mammals,  will  show  that  as 
the  fore-limb  loses  the  primitive  horizontal  position  of  the 
Enaliosaurian  and  acquires  the  flexures  of  the  Amphibian, 
with  the  upper  segment  and  the  elbow  slanted  backward, 
the  anterior  condyle,  with  its  ever  faithful  attendant  the 
upper  end  of  the  mdius,  and  the  anterior  surface  of  the 
humerus,  become  directed  outwards,  away  frOm  the  median 
plane,  while  the  upper  or  dorsal  or  extensor  surface  of  the 
arm,  with  the  projecting  angle  of  the  elbow  and  the  olecranon, 
becomes  directed  backwards:  the  fore-arm  also  falls  into  a 
prone  position,  the  palmar  surface  remaining  upon  the  ground, 
and  as  this  takes  place  the  toes  become  directed  forwards. 
At  the  same  time  the  anterior  condyle  and  anterior  surface 
of  the  femur,  with  the  tibia,  become  directed  inwards  towau-ds 
the  median  plane,  while  the  upper  or  dorsal  or  extensor  surface 
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of  the  thigfa,  with  the  projectiiig  angle  of  the  knee  and  the 
patella,  becomes  directed  forwards,  the  toes,  which  at  first 
pointed  outwards,  becoming,  like  those  of  the  fore-limb,  pointed 
forwards. 

Moreover,  in  the  lower  animals  and  in  many  of  the  upper, 
and  not  least  in  Man,  where  supination — ^that  is,  the  power  of 
restoring  the  fore-arm  and  hand  to  their  primitiye  position 
with  regard  to  the  arm — is  more  complete  than  in  others,  it 
is  easy  to  rotate  the  limbs  back  into  their  primitive  position, 
to  extend  them  horizontally  and  at  right  angles  from  the  trunk, 
with  the  poUex  and  radius,  and  the  hallux  and  tibia  forwards, 
when  the  homological  relations  of  their  several  parts  are,  in 
most  instances,  at  once  recognised,  and  the  dorsal  or  extensor, 
and  the  ventral  or  flexor  surfaces,  in  the  two  limbs  will  be  seen 
to  correspond  respectively  throughout. 

The  Cheiroptera^  as  I  have  shown\  afford  an  interestii^ 
confirmation  of  this  view  by  the  exceptional  rotation  which 
their  hind-limbs  undergo.  In  these  animals  the  rotation  of  the 
thigh  takes  place  backwards,  instead  of  forwards,  and  the  knee 
is  bent  backwards.  Hence  the  hind-limb  is  turned  in  the  same 
way  as  the  fore-limb,  and  a  convincing  opportunity  is  afforded 
for  an  examination  of  the  serial  homologies  of  the  several  parts 
in  the  two  limbs. 

Into  the  interesting  and  rather  more  difficult  question  of 
the  degree  in  which  the  shoulder  and  pelvic  girdles  participate 
in  these  rotations  of  the  limbs,  I  have  already  entered*,  and 
have  shown  that  they  are  affected,  to  a  greater  or  less  extent, 
in  a  manner  corresponding  with  the  respective  limbs.  In  the 
simpler  forms  of  Enaliosaurians  and  Batrachians,  their  compo- 
nent parts  are  directed  upwards  and  downwards  in  a  nearly 
vertical  plane — the  scapula  and  the  ilium  upwards,  the  coracoids 
and  the  pubes  and  ischium  downwards.  In  the  higher  forms, 
each  undergoes  a  slight  rotation  upon  a  transverse  axis,  travers- 
ing the  shoulder-joints,  in  the  one  instance,  and  the  hip-joints 
in  the  other,  by  which  the  scapula  is  thrown  a  little  backwards 
and  the  coracoids  forwards,  while  the  ilium  is  thrown  a  little 

1  "  On  the  Myology  of  the  Limbs  of  Pteropru."    This  </bum<il,  m.  394 
s  In  a  paper  on  the  **  Comparison  of  the  Shoulder  bones  and  mnsdeB  with  the 
^elvio  bonee  and  mnseleB."    Thk  JcunuU^  v.  67. 
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forwards  aud  tbe  pubes  and  ischium  backwards^  Poupart's  liga- 
ment being  the  representative  of  the  clavicle. 

With  regard  to  blood-vessels  and  nerves,  the  passage  of 
the  femoral  artery  in  front  of  the  ventral  elements  of  the  girdle 
and  the  disposition  of  the  nerves  in  three  groups,  one — the 
anterior  crural,  which  is  the  bomologue  of  part  of  the  radial — 
passing  in  front  of  the  girdle,  a  second — the  obturator,  which  is 
the  homologue  of  part  of  the  musculo-cutaneous — ^passingthrough 
the  girdle,  and  a  third — the  sciatic,  which  is  the  homologue  of  the 
remaining  nerves  of  the  fore-limb — ^passing  behind  the  girdle, 
while  the  brachial  artery  and  the  nerves  of  the  fore-limb  pass 
together  behind  the  ooracoid  or  ventral  element  of  the  shoulder 
girdle,  indicate  that  no  very  exact  deductions  can  be  drawn 
from  them  with  reference  to  the  comparison  of  the  upper  parts 
of  the  two  limbs.  Moreover,  the  femoral  artery  and  the  nerves 
are  separated  in  their  course,  while  the  brachial  artery  and 
the  nerves  are  near  together;  and  the  ulnar  nerve  has  no 
distinct  counterpart  in  the  hind-limb,  its  correspondents  being 
incorporated  with  the  sciatic  and  posterior  tibial  nerves.  There 
are,  however,  some  points  of  similarity  in  the  nerves  and 
vessels  in  the  proximal  parts  of  the  two  limbs  which  may  not^ 
at  firsts  suggest  themselves.  The  great  vessel,  in  each,  passes 
from  the  extensor,  or  dorsal  part  of  the  limb  (the  region  of 
the  triceps  in  the  one  and  of  the  quadriceps  in  the  other),  across 
the  adductor  part  (over  the  coraco-brachialis  in  the  one,  and 
through  the  addvctores  in  the  other),  to  the  flexor  part  at  the 
elbow  in  the  one  and  at  the  knee  in  the  other.  The  radial  and 
the  peroneal  nerves  take  similar  spiral  courses  (one  round  the 
ulnar,  the  other  round  the  fibular  aspect  of  the  limb)  to  their 
distribution  in  .the  extensor  or  dorsal  regions  of  the  distal  seg- 
ments. In  the  fore-limb  the  radial  nerve  is  incorporated  with  the 
nerves  to  the  great  extensor  of  the  elbow.  Hence  its  spiral  turn 
round  the  limb  is  at  a  higher  level  than  is  that  of  the  peroneal 
nerve,  which  remains  in  conjunction  with  the  sciatic  till  it  has 
passed  half  way  down  the  thigh ;  the  great  extensor  of  the  knee 
being,  in  consequence  of  the  different  rotation  of  the  proximal 
segment  of  the  limb,  supplied  by  a  nerve  (anterior  crural) 
which  passes  in  front  of  the  girdle.  In  the  Cryptobranch  the 
radial,  or  great  extensor,  nerve  of  the  fore-limb  is  conjoined 
with  other  extensor  branches  which  are  apparently  the  homo- 
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logues  of  the  circumflex  and  dorsalis  scapulas^.  I  can  quite 
understand  that  the  advocates  of  any  theory  respecting  the 
comparison  of  the  upper  segments  of  the  two  limbs  may 
find  arguments  in  its  favour  from  the  disposition  of  the  nerves. 
I  do  not  therefore  attach  much  importance  to  them.  At  the 
same  time  it  may  be  mentioned  that  the  supply  of  the  triceps 
extensor  aiitibrachii  by  the  radial  or  musculo-spiral  nerve, 
which  supplies  the  other  extensor  muscles  of  the  limb,  is  in 
accordance  with  the  view  which  ranges  thai  muscle  in  the 
extensor  series. 

My  view,  therefore,  is  that  in  the  primitive  position  the  ex- 
tensor surfaces  of  the  two  limbs  are  directed  upwards,  or  dorsal- 
ly,  and  the  radial  and  tibial  surfaces  are  directed  forwards ;  and 
in  this  position  the  homological  relations  of  their  several  parts 
are  to  be  determined.  Subsequently  by  a  quarter  turn,  to  some 
extent  participated  in  by  the  pelvis,  the  extensor  surface  of  the 
hind  limb  is  directed  forwards  and  the  tibial  surface  inwards  ; 
and  by  a  quarter  turn  in  an  opposite  direction,  to  some  extent 
participated  in  by  the  shoulder  girdle,  the  extensor  surface  of 
the  upper  limb  is  directed  backwards  and  the  radial  surface 
outwards.  At  the  same  time  pronation  occurs  in  the  fore-arm 
and  hand  whereby  the  palm  is  kept  in  contact  with  the  ground. 
These  deviations  from  the  primitive  position  obscure,  but  do  not 
essentially  affect,  the  homological  relationships  determined  in 
that  position. 

I  have  spoken  of  the  horizontal  position  of  the  limbs,  at 
right  angles  with  the  median  plane  and  with  their  extensor 
surfaces  upwards  or  dorsal,  as  the  primitive  position.  I  have 
done  so  to  jivoid  ambiguity,  and  for  simplicity.  I  have,  however, 
on  a  former  occasion*,  shown  or  endeavoured  to  show  that  their 
still  earlier  form  is  to  be  sought  in  the  mesial  fins  of  Osseous 
Fishes,  where  the  representatives  of  the  limbs  of  the  two  sides 
are  to  be  traced  in  those  coalesced  extensions  of  the  embryonic 

1  On  these  and  other  interesting  points  in  the  nerves  of  the  Cryptohranch, 
as  also  on  the  distribution  of  the  nerves  in  the  limbs,  see  my  article  **  on  the 
Muscles  and  Nerves  of  the  Gryptobranchus  Japonieus,"  in  this  Journal^  Vol.  vi., 
also  in  my  Ohservaiians  in  Myology ^  1872,  p.  -48. 

'  **  On  the  homological  relations  to  one  another  of  the  mesial  and  lateral 
fins  of  Osseous  Fishes/'  this  Journal,  v.  58;  also  Observati/ms  in  Myology, 
p.  115,  where  it  is  pointed  out  that  the  ventral  and  pectoral  fins  of  Fishes,  and 
their  muscles,  are  formed  from  the  same  serial  elements  as  the  suboaudal  or  anal 
fins  and  their  muscles. 
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ventral  plates  in  which  bones  are  developed  and  which  con- 
stitute the  mesial — anal  or  subcaudal — fin.    This  fin,  though  in 
the  mesial  plane,  and  apparently  a  single  organ,  is  essentially 
double,  or  a  pair,  being  a  derivative  from  the  ventral  laminae  of 
the  two  sides,  and  supplied  with  muscles  and  nerves  from  the 
two  sides.    It  admits  of  being  split  in  the  middle  plane,  and 
each  half  then  forms  a  series  of  limbs   directed   downwards 
or  parallel  with  the  median  plane.     In  the  caudal  region, 
where  the  ventral  laminse  of  the  two  sides  are  in  apposition 
in   their  whole  extent,  or  nearly  so,  these  fin-extensions  of 
the  two  sides,  with  their  ray-bones  and  interspinous  bones, 
are  united  with  one  another,  and  form  the  one  median  anal 
fin.      More  anteriorly,  however,  where  the  ventral  lamina  of 
the  two  sides  are  separated  by  the  visceral  cavity,  their  fin« 
extensions  on  the  two  sides  are  also  separated,  and  grow  out 
at  a  short  distance  from  the  mesial  line  as  lateral  fins.     More- 
over, instead   of  forming  a  continuous  series  as  they  do  in 
the  anal  fin,  the  rays  are  here  clustered  and  modified  into 
pectoral  and  ventral    fins,  and    the  interspinous   bones  are 
developed   into  shoulder  girdle  and  pelvic  bones.    The  anal 
interspinous  fin-bones  may  be   continuous  in  plane  with  the 
spinous  bones  which  are  the  caudal  representatives  of  the 
ribs,  or  they  may  alternate  with   them,  being  intercalated 
between  them,  extending  up,  that  is,  into  the  planes  of  the 
ventral  laminaB  between  them.     Their  pelvic  bone  representa- 
tives, in  higher  animals,  are  commonly  appended  to  the  distal 
ends  of  the  truncated  extremities  of  the  sacral  ribs,  and  are 
therefore  continuous  in  plane  with  them,  as  is  seen  in  many  of 
the  tailed  Amphibians  where  the  rib  element  exists  as  a  separate 
bone  connecting  the  ilium  with  the  vertebra ;  whereas  the  pec- 
toral arch  representatives  commonly  grow  up  on  the  external  or 
superficial  aspect  of  the  ribs.    It  may  be,  however,  that,  as  in 
the  Chelonians,  both  the  pectoral  and  pelvic  arches  pass  up 
pn  the  internal  or  deep  aspect  of  the  ribs.     These  varieties 
in  disposition  do  not  affect  their  homological  relations  to  one 
another  in  the  animal  series ;  nor  do  they  in  any  way  affect  the 
rule  that  the  poUex,  the  radius,  and  the  radial  {alias  external) 
condyle  of  the  humerus,  as  well  as  the  hallux,  the  tibia,  and  the 
tibial  (alias  internal)  condyle  of  the  femur  are^  in  the  primitive 
position,  directed  forwards. 
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From  Stages  B  to  O. 

(Continiied  frrai  p.  570.) 

The  present  chapter  deals  with  the  history  of  the  development 
of  the  Elasmobranch  embiyo  from  the  period  when  the  medul- 
lary groove  first  arises  till  that  in  which  it  becomes  completely 
closed,  and  converted  into  the  medullary  canaL  The  majority 
of  the  observations  recorded  were  made  on  Pristiurus  embryoa; 
a  few  on  embryos  of  Torpedo.  Where  nothing  is  said  to  the 
contrary  the  statements  made  apply  to  the  embiyos  of  Pristiurus 
X)nly. 

The  general  external  features  for  this  period  have  already 
been  given  in  sufficient  detail*;  and  I  proceed  at  once  to 
describe  consecutively  the  history  of  the  three  layers. 

General  feaJtwtes  of  iJie  EplblasL 

At  the  commencement  of  this  period,  during  the  stage  inter* 
mediate  between  B  and  C,  the  epiblast  is  composed  of  a  single 
layer  of  cells.    (PI.  xxix.  fig.  1.) 

These  are  very  much  elongated  in  the  region  of  the  embryo> 
but  flattened  in  other  parts  of  the  blastoderm.  Throughout 
they  contain  numerous  yolk  spherules. 

In  a  Torpedo  embryo  of  this  age  (as  determined  by  the  con* 
dition  of  the  notochord)  the  epiblast  presents  a  very  different 
structure.  It  is  composed  of  small  spindle-shaped  cells  several 
rows  deep.  The  nuclei  of  these  are  very  large  in  proportion  to 
the  cells  containing  them,  and  the  yolk  spherules  are  far  less 
numerpus  than  in  the  cells  of  corresponding  Pristiurus  embryos. 

During  stage  C  the  condition  of  the  epiblast  does  not  under- 
go any  important  change,  with  the  exception  of  the  layer  be- 
coming much  thickened,  and  its  cells  two  or  three  deep  in  the 
anterior  parts  of  the  embryo.    (PL  xxix.  fig.  2.) 

*  Journal  of  Anatomy  and  Physiology ,  x.  555,  et  seq. 
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In  the  succeeding  stages  that  part  of  the  epiblast,  which  will 
form  the  spinal  cord,  gradually  becomes  two  or  three  cells  deep. 
This  change  is  effected  by  a  decrease  in  the  length  of  the  cells 
as  compared  with  the  thickness  of  the  layer.  In  the  earlier 
jBtages  the  cells  are  wedge-shaped  with  an  alternate  arrange- 
ment, so  that  a  decrement  in  their  length  at  once  causes  the 
epiblast  to  be  composed  of  two  rows  of  interlocking  cells. 

The  lateral  parts  of  the  epiblast  which  form  the  epidermis  of 
the  embryo  are  modified  in  quite  a  different  manner  to  the 
nervous  parts  of  the  layer,  becoming  very  much  diminished  in 
thickness  and  composed  of  a  single  row  of  flattened  cells, 
PL  XXIX.  fig.  3. 

Till  the  end  of  stage  F,  the  epiblast  cells  and  indeed  all  the 
cells  of  the  blastoderm  retain  their  yolk  spherules,  but  the  epi- 
blast begins  to  lose  them  and  consequently  to  become  transpa- 
rent in  stage  Q« 

Medullary  Oroove, 

■ 

During  stage  B  the  medullary  groove  id  shallow  posteriorly, 
deeper  in  the  middle  part  of  the  body,  and  flattened  out  again 
at  the  extreme  anterior  end  of  the  embryo,  PI.  xxiii.  fig.  10, 
ab  c. 

A  similar  condition  obtains  in  stage  B,  but  the  canal  has 
now  in  part  become  deeper.  Anteriorly  no  trace  of  it  is  to  be 
seen.  In  stage  C  it  exhibits  the  same  general  features  (Plate 
XXIX.  fig.  2  a  2  6  2  c). 

By  stage  D  we  find  important  modifications  of  the  canal. 

It  is  still  shallow  behind  and  deep  in  the  dorsal  region, 
Plate  XXIX.  fig.  3(2  36  3/;  but  the  anterior  flattened  area  in  the 
last  stage  has  grown  into  a  round  flat  plate  which  may  be  called 
the  cephalic  plate,  Plate  xxiv.  D  and  Plate  xxix.  fig.  3  a  36 
3  c.  This  plate  becomes  converted  into  the  brain.  Its  size  and 
form  give  it  a  peculiar  appearance,  but  the  most  remarkable 
feature  about  it  is  the  ventral  curvature  of  its  edges.  Its  edges 
do  not,  as  might  be  expected,  bend  dorsalwards  towards  each 
other,  but  become  sharply  bent  in  a  ventral  direction.  This 
feature  is  for  the  first  time  apparent  at  this  stage,  but  becomes 
more  conspicuous  during  the  succeeding  ones,  and  attains  its 
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maximum  in  stage  F  (Plate  xxix.  fig.  5),  in  which  it  might  almost 
be  supposed  that  the  edges  of  the  cephalic  plate  were  about  to 
grow  downwards  and  meet  on  the  ventral  side  of  the  embryo. 

In  the  stages  subsequent  to  D  the  posterior  part  of  the 
t^nal  deepens  much  more  rapidly  than  the  rest  (vide  PL  xxix« 
fig.  i,  taken  from  the  posterior  end  of  an  embryo  but  slightly 
younger  than  F),  and  the  medullary  folds  unite  and  convert 
the  posterior  end  of  the  medullary  groove  into  a  closed  canal 
(PL  XXIV.  fig.  F),  while  the  groove  is  still  widely  open  else- 
where*. The  medullary  canal  does  not  end  blindly  behind,  but 
simply  forms  a  tube  not  closed  at  either  extremity.  The  im- 
portance of  this  fact  will  appear  later. 

In  a  stage  but  slightly  subsequent  to  F  nearly  the  whole  of 
the  medullary  canal  becomes  closed.  This  occurs  in  the  usual 
way  by  the  jimction  and  coalescence  of  the  medullary  folds.  In 
the  course  of  the  closing  of  the  medullary  groove  the  edges  of 
the  cephalic  plate  lose  their  ventral  curvature  and  become  bent 
up  in  the  normal  manner  (vide  PL  xxix.  fig.  6,  a  section  taken 
through  the  posterior  part  of  the  cephalic  plate),  and  the  en- 
larged plate  merely  serves  to  enclose  a  dilated  cephalic  portion 
of  the  medullary  canal.  The  closing  of  the  medullary  canal 
takes  place  earlier  in  the  head  and  neck  than  in  the  back.  The 
anterior  end  of  the  canal  becomes  closed  and  does  not  remain 
open  like  the  posterior  end. 

Elasmobranch  embryos  resemble  those  of  the  Sturgeon 
(Acipenser)  and  the  Amphibians  in  the  possession  of  a  spatula- 
like cephalic  expansion:  but  so  far  as  I  am  aware  a  ventral 
flexure  in  the  medullary  plates  of  the  head  has  not  been  ob- 
served in  other  groups. 

The  medullary  canal  in  Elasmobranchs  is  formed  precisely  on 
the  type  so  well  recognised  for  all  groups  of  vertebrates  with 
the  exception  of  the  Osseous  Fishes.  The  only  feature  in  any 
respect  peculiar  to  these  fishes  is  the  closing  of  their  medullary 
canal  first  commencing  behind,  and  then  proceeding  to  the 
cervical  and  cephalic  regions.  In  those  vertebrates  in  which 
the  medullary  folds  do  not  unite  at  approximately  the  same 

1  Vide  PreUminary  Acoonnt,  etc.  Q.  JL  Micros,  Science,  Oct.  1874,  PL  xtv, 
8  a.  This  and  the  other  Bection  from  the  same  embryo  (stage  F)  may  be 
referred  to.    I  have  not  thought  it  worth  while  repeating  them  here. 
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time  throughout  their  length,  they  appear  usually  to  do  so  first 
in  the  region  of  the  neck. 

Mesoblast, 

The  separation  from  the  hypoblast  of  two  lateral  masses  of 
mesoblast  has  already  been  described.  Till  the  close  of  stage  C 
the  mesoblast  retains  its  primitive  bilateral  condition  unaltered. 
Throughout  the  whole  length  of  the  embryo,  with  the  exception 
of  the  extreme  front  end,  there  are  present  two  plates  of  rounded 
mesoblast  cells,  one  on  each  side  of  the  medullary  groove.  These 
plates  are  in  very  close  contact  with  the  hypoblast,  and  also 
follow  with  fair  accuracy  the  outline  of  the  epiblast.  This 
relation  of  the  mesoblast  plates  to  the  epiblast  must  not  how- 
ever be  supposed  to  indicate  that  the  medullary  groove  is  due 
to  growth  in  the  mesoblast:  a  view  which  is  absolutely  nega- 
tived by  the  manner  of  formation  of  the  medullary  groove  in 
the  head.  Anteriorly  the  mesoblast  plates  thin  out  and  com- 
pletely  vanish. 

In  stage  D,  the  plates  of  mesoblast  in  the  trunk  undergo 
important  changes.  The  cells  composing  them  become  arranged 
in  two  layers  (Plate  XXix.  fig.  3),  a  splanchnic  layer  adjoining 
the  hypoblast,  and  a  somatic  layer  adjoining  the  epiblast \ 
Although  these  two  layers  are  distinctly  formed,  they  do  not 
become  separated  at  this  stage  in  the  region  of  the  trunk,  and 
in  the  trunk  no  true  body-cavity  is  formed. 

By  stage  D  the  plates  of  mesoblast  have  ceased  to  be  quite 
isolated,  and  are  connected  with  the  lower  layer  cells  of  the 
general  blastoderm. 

Moreover  the  lower  layer  cells  outside  the  embryo  now 
exhibit  distinct  traces  of  a  separation  into  two  layers,  one  con- 
tinuous with  the  hypoblast,  the  other  with  the  mesoblast.  Both 
layers  are  composed  of  very  flattened  cells,  and  the  mesoblast 
layer  is  often  more  than  one  cell  deep,  and  sometimes  exhibits 
a  mesh-like  arrangement  of  its  elements. 

Coincidentally  with  the  appearance  of  a  differentiation  into 
a  somatic  and  splanchnic  layer  the  mesoblast  plates  become 

1  I  nnder-estimated  the  distinotness  of  this  formation  in  my  earlier  paper, 
loc.  ct't.,  although  I  recognized  the  fact  that  the  mesoblast  cells  became  arranged 
in  two  distinct  layers. 

VOL.   X.  45 
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split  by  a  series  of  transverse  lines  of  division  into  protoverte- 
brsB.  Only  the  proximal  regions  of  the  plates  become  split  in 
this  way,  while  their  peripheral  parts  remain  quite  intact.  As 
a  result  of  this  each  plate  becomes  divided  into  a  proximal 
portion  adjoining  the  medullary  canal,  which  is  divided  into 
proto-vertebrcB,  and  may  be  called  the  vertebral  plaie,  and  a 
peripheral  portion  not  so  divided,  which  may  be  called  the 
lateral  plate.  These  two  parts  are  at  this  stage  quite  continu- 
ous with  each  other;  and,  as  will  be  seen  in  the  sequel,  the 
body-cavity  originally  extends  uninterruptedly  to  the  summit 
of  the  vertebral  platea 

By  stage  D  at  the  least  ten  protovertebrse  have  appeared. 

In  Torpedo  the  mesoblast  commences  to  be  divided  into 
two  layers  much  earlier  than  in  Pristiurus ;  and  even  before 
stage  C  this  division  is  more  or  less  clearly  marked. 

In  the  head  and  tail  the  condition  of  the  mesoblast  is  by  no 
means  the  same  as  in  the  body. 

In  the  tail  the  plates  of  mesoblast  become  considerably 
thickened  and  give  rise  to  two  projections,  one  on  each  side, 
which  have  already  been  alluded  to  as  caudal  or  tail-sweUings ; 
vide  PL  XXIV.  figs.  D,  F,  and  PL  xxix.  fig.  3 /and  fig.  4. 

These  masses  of  mesoblast  are  neither  divided  into  proto- 
vertebrae,  nor  do  they  exhibit  any  trace  of  a  commencing  dif- 
ferentiation into  somato-pleure  and  splanchno-pleure. 

In  the  head,  so  far  as  I  have  yet  been  able  to  observe,  the 
mesoblastic  plates  do  not  at  this  stage  become  divided  into 
protovertebrsB.  The  other  changes  exhibited  in  the  cephalic 
region  are  of  Interest,  mainly  from  the  fact  that  here  appears  a 
cavity  in  the  mesoblast  directly  continuous  with  the  body-cavity 
(when  that  cavity  becomes  formed),  but  which  appears  at  a 
very  much  earlier  date  than  the  body-cavity.  This  cavity  can 
only  be  looked  on  in  the  light  of  a  direct  continuation  of  the 
body  or  peritoneal  cavity  into  the  head.  Theoretical  con- 
siderations with  reference  to  it  I  propose  reserving  till  I  have 
described  the  changes  which  it  undergoes  in  the  subsequent 
periods. 

Figures  3  a,  86  and  3  c  exhibit  very  well  the  condition  of 
the  mesoblast  in  the  head  at  this  period.  In  fig.  3  c,  a  section 
taken  through  the  back  part  of  the  head,  we  find  the  condi- 


DEVELOPMENT  OF  ELASMOBBANCH  FISHES.  677 

tion  of  the  mesoblast  to  be  nearly  the  same  as  in  the  sections 
immediately  behind.  The  ventral  continuation  of  the  mesoblast 
formed  by  the  lateral  plate  has,  however,  become  much  thinner, 
and  the  dorsal  or  vertebral  portion  has  acquired  a  more  tri- 
angular form  than  in  the  sections  through  the  trunk  (fig.  8d 
and  36). 

In  the  section  (fig.  36)  in  front  of  this  the  ventral  portion  of 
the  plate  is  no  longer  present,  and  only  that  part  which  cor- 
responds with  the  vertebral  division  of  the  primitive  plate  of 
mesoblast  is  present. 

In  this  a  distinct  cavity,  forming  part  of  the  body  cavity, 
has  appeared. 

In  a  still  anterior  section,  fig.  3  a,  no  cavity  is  any  longer 
present  in  the  mesoblast;  whilst  in  sections  taken  from  the 
foremost  part  of  the  head  no  mesoblast  is  to  be  seen  (vide 
fig.  5f  taken  from  the  front  part  of  the  head  of  the  embryo 
represented  in  PI.  xxiv.  fig.  f). 

A  continuation  of  the  body-cavity  into  the  head  has  already 
been  described  by  Oellacher*  for  the  trout:  but  he  believes 
that  the  cavity  in  this  part  is  solely  related  to  the  formation 
of  the  pericardial  space. 

The  condition  of  the  mesoblast  undergoes  no  important 
change  till  the  end  of  the  period  treated  of  in  this  chapter. 
The  masses  of  mesoblast  which  form  the  tail-swellings  become 
more  conspicuous  (PI.  xxix.  fig.  4) ;  and  indeed  their  con- 
vexity is  so  great  that  the  space  between  them  has  the  appear- 
ance of  a  median  groove,  even  after  the  closure  of  the  neural 
canal  in  the  caudal  region.  This  appearance  is  nevertheless 
rather  deceptive. 

In  embryos  of  stage  O,  which  may  be  considered  to  belong 
to  the  close  of  this  period,  eighteen  protovertebrse  are  present 
both  in  Pristiurus  and  Torpedo  embryos. 


The  Alimentary  Canai. 

The  alimentary  canal  at  the  commencement  of  this  period, 
stage  B,  is  a  space  between  the  embryo  and  the  yolk,  ending 

*  ZtiUchrift  f,  wiss.  ZoologiCt  1873. 

45—2 
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blindly  in  front,  but  opening  posteriorly  by  a  widish  slit-like 
aperture,  which  corresponds  to  the  anus  of  RusconL 

The  cavity  anteriorly  has  a  more  or  less  definite  form, 
having  lateral  walls,  as  well  as  a  roof  and  floor  (PL  xxiii. 
fig.  106  and  10c).  Posteriorly  it  is  not  nearly  so  definitely 
enclosed  (PL  xxin.  fig.  10a).  The  ventral  wall  of  the  cavity  is 
formed  by  yolk.  But  even  in  stage  B  there  are  beginnings 
of  a  cellular  ventral  wall  derived  from  an  ingrowth  of  cells  from 
the  two  sides. 

By  stage  C  considerable  progress  has  been  made  in  the 
formation  of  the  alimentaiy  canaL  Posteriorly  it  is  as  flattened 
and  indefinite  as  during  stage  B  (PL  xxix.  figs.  26  and  2c). 
But  in  the  anterior  part  of  the  embryo  the  cavity  becomes 
much  deeper  and  narrower,  and  a  floor  of  cells  begins  to  be 
formed  for  it  (PL  xxix.  fig.  2);  and,  finally,  in  front,  it  forms  a 
definite  space  completely  closed  in  on  all  sides  by  cells  (PL 
XXIX.  fig.  2a).  Two  distinct  processes  are  concerned  in  effect- 
ing these  changes  in  the  condition  of  the  alimentary  cavity. 
One  of  these  is  a  process  of  folding  off  the  embryo  from  the 
blastoderm.  The  other  is  a  simple  growth  of  cells  independent 
of  any  folding.  To  the  first  of  these  processes  the  increased 
depth  and  narrowness  of  the  alimentary  cavity  is  due;  the 
second  is  concerned  in  forming  its  ventral  walL  The  combi- 
nation of  the  two  processes  produces  the  peculiar  triangular 
section  which  characterises  the  anterior  closed  end  of  the 
alimentary  cavity  at  this  stage.  The  process  of  the  folding  off 
of  the  embryo  from  the  blastoderm  resembles  exactly  the 
similar  process  in  the  embryo  bii'd.  The  fold  by  which  the 
constricting  off  of  the  embryo  is  effected  is  a  perfectly  con- 
tinuous one,  but  may  be  conveniently  spoken  of  as  composed 
of  a  head-fold  and  two  lateral  folds. 

Of  far  greater  interest  than  the  nature  of  these  folds  is  the 
formation  of  the  ventml  wall  of  the  alimentary  caual.  This,  as 
has  been  said,  is  effected  by  a  growth  of  cells  from  the  two 
sides  to  the  middle  line  (PL  xxtx.  fig.  2).  The  cells  for  this 
are  however  not  derived  firom  pre-existing  hypoblast  cells,  but 
are  formed  spontaneously  around  nuclei  of  the  yolk.  This  fact 
can  be  determined  in  a  large  number  of  sections,  and  is  fairly 
well  shewn  in  PL  xxix.  fig.  2.     The  cells  are  formed  in  the 
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yolk,  as  has  been  already  mentioned,  by  a  simple  aggregation 
of  protoplasm  around  pre-existing  nuclei. 

The  cells  being  described  are  in  most  cases  formed  close  to 
the  pre-existing  hypoblast  cells,  but  often  require  to  undergo  a 
considerable  change  of  position  before  attaining  their  final 
situation  in  the  wall  of  the  alimentary  canal. 

I  have  already  alluded  to  this  feature  in  the  formation  of 
the  ventral  wall  of  the  alimentary  cavity.  Its  interest,  as  bear- 
ing on  the  homology  of  the  yolk,  is  considerable,  owing  to  the 
fact  that  the  so-called  yolk-cells  of  Amphibians  play  a  similar 
part  in  supplying  the  ventral  epithelium  of  the  alimentary 
cavity,  as  do  the  cells  derived  from  the  yolk  in  Elasmobranchs. 

The  fact  of  this  feature  being  common  to  the  yolk-cells  of 
Amphibians  and  the  yolk  of  Elasmobranchs,  supplies  a  strong 
argument  in  favour  of  the  homology  of  the  yolk-cells  in  the  one 
case  with  the  yolk  in  the  other  \ 


^  Nearly  simnltaneoasly  with  my  last  published  paper  on  the  Development  of 
Elasmobranchs,  which  dealt  in  a  lairly  complete  manner  with  the  genesis  of 
cells  ontside  the  blastoderm,  there  appeared  two  important  papers  dealing  with 
the  same  subject  for  Teleostei.  One  of  these,  by  Professor  Bambeke,  Embryologie 
des  Poissons  Osseux,  M^m.  Cow.  Acad,  Belgique,  1875,  which  appeared  some 
little  time  before  my  paper,  and  a  second  by  Dr  Klein,  Quart.  Jour,  of  Micr.  Set. 
April,  1876.  In  both  of  these  papers  a  development  of  nuclei  and  of  cells  la 
described  as  occurring  outside  the  blastoderm  in  a  manner  which  accords  fairly 
well  with  my  own  observations. 

The  conclusions  of  both  these  investigators  differ  however  from  my  own. 
They  regard  the  finely  granular  matter,  in  which  the  nuclei  appear,  as  pertain- 
ing to  the  blastoderm,  and  morphologically  quite  distinct  from  the  yolk.  From 
their  observations  we  can  dearly  recognize  that  the  material  in  which  the  nuclei 
appear  is  far  more  sharply  separated  off  from  the  yolk  in  Osseous  Fish  than  in 
Elasmobranchs,  and  this  sharp  separation  forms  the  main  argument  for  the 
view  of  these  authors.  Dr  Klein  admits,  however,  that  this  granular  matter 
(which  he  calls  parablast)  graduates  in  the  typical  food-yolk,  though  he  explain!) 
this  by  supposing  that  the  parablast  takes  up  part  of  the  yolk  for  the  purpose  of 
growth. 

It  is  clear  that  the  argument  from  a  sharp  separation  of  yoUc  and  parablast 
cannot  have  much  importance,  when  it  is  admitted  (1)  that  in  Osseous  Fish  there 
is  a  gradation  between  the  two  substances,  while  (2)  in  Elasmobranchs  the  one 
merges  slowly  and  insensibly  into  the  other. 

The  only  other  argament  used  by  these  authors  is  stated  by  Dr  Klein  in  the 
following  way.  "  The  fact  that  the  parablast  has,  at  the  outset,  been  forming 
^  one  unit  with  what  represents  the  archiblast,  and,  wkile  increasing  has  spread 
'i.e.  grown  over  the  yolk  which  underlies  the  segmentation-cavity,  is,  I  think, 
the  most  absolute  proof  that  the  yolk  is  as  much  different  from  the  parablast  as 
it  is  from  the  archiblast."  This  argument  to  me  merely  demonstrates  that  cer- 
tain of  the  nutritive  elements  of  the  yolk  become  in  the  course  of  development 
converted  into  protoplasm,  a  phenomenon  which  must  necessarily  be  supposed 
to  take  place  on  my  own  as  well  as  on  Dr  Klein's  view  of  the  nature  of  the  yolk. 
My  own  views  on  the  subject  have  already  been  fully  stated.  I  regard  the  so- 
callod  yolk  as  composed  of  a  larger  or  smaller  amount  of  food -material  imbeddud 


680  MB  BALFOUR. 

The  history  of  the  alimentary  canal  during  the  remainder 
of  this  period  may  be  told  briefly. 

The  folding  off  and  closing  of  the  alimentary  canal  in  the 
anterior  part  of  the  body  proceeds  rapidly,  and  by  stage  D  not 
only  is  a  considerable  tract  of  alimentary  canal  formed,  but 
a  great  part  of  the  head  is  completely  folded  off  from  the  yolk 
(fig.  3  a).  By  stage  F  a  still  greater  part  is  folded  off.  The 
posterior  part  of  the  alimentary  canal  retains  for  a  long  period 
its  primitive  condition^  It  is  not  until  stage  F  that  it  b^ns 
to  be  folded  off  behind.  After  the  folding  has  once  com- 
menced it  proceeds  with  great  rapidity,  and  before  stage  G, 
the  hinder  part  of  the  alimentary  canal  becomes  completely 
closed  in. 

The  folding  in  of  the  gut  is  produced  by  two  lateral  folds, 
and  the  gut  is  not  closed  posteriorly. 

It  may  be  remembered  that  the  neural  canal  also  remained 
open  behind.  Thus  both  the  neui*al  and  alimentary  canals  are 
open  behind ;  and,  since  both  of  them  extend  to  the  posterior 
end  of  the  body,  they  meet  there,  their  walls  coalesce,  and  a 
direct  communication  from  the  neural  to  the  alimentary  canal 


in  protoplasm,  and  the  meroblastio  ovum  as  a  body  ^onstHated  of  the  same  es- 
sential parts  as  a  holoblastio  ovum,  thoagh  divided  into  regions  which  differ  in 
the  proportion  of  protoplasm  they  contain.  I  do  not  propose  to  repeat  the 
positive  arguments  used  by  me  in  favour  of  this  view,  but  coiitent  myself  with 
alluding  to  the  protoplasmic  network  found  by  Schnltz  and  myself  extending 
through  the  whole  yolk,  and  to  the  similar  network  described  by  Bambeke  as  being 
present  in  the  eggs  of  Osseous  Fish  after  deposition  but  before  impregnation. 
The  existence  of  these  networks  is  to  me  a  conclusive  proof  of  the  correctness  of 
my  views.  I  admit  that  in  Teleostei  the  *  parablast '  contains  more  protoplasm 
than  the  homologous  material  in  the  Elasmobranoh  ovum,  while  it  is  probable 
that  after  impregnation  the  true  yolk  of  Teleostei  contains  little  or  no  proto- 
plasm ;  but  these  facts  do  not  appear  to  me  to  militate  against  my  views. 

I  agree  with  Prof.  Bambeke  in  regarding  the  cells  derived  from  the  sub- 
germinal  matter  as  homologous  with  the  so-called  yolk-ceUs  of  the  Amphibian 
embryo. 

I  have  recently,  in  some  of  the  later  stages  of  development,  met  with  very 
peculiar  nuclei  of  the  yolk  immediately  beneath  the  blastoderm  at  some  little 
distance  from  the  embryo,  PI.  xxix.  fig.  8.  They  were  situated  not  in  finely  sub- 
germinal  matter,  but  amongst  large  yolk  spherules.  They  were  very  large, 
and  presented  still  more  peculiar  forms  than  those  already  described  by  me, 
being  produced  into  numerous  long  filiform  processes.  The  processes  from  the 
various  nuclei  were  sometimes  united  together,  forming  a  regular  network  of 
nuclei  quite  unlike  anything  that  I  have  previously  seen  described. 

The  sub -germinal  matter,  in  which  the  nuclei  are  usually  formed,  becomes 
during  the  later  stages  of  development  far  richer  in  protoplasm  than  during  the 
earlier.  It  continually  arises  at  fresh  points,  and  often  attains  to  considerable 
dimensions,  no  doubt  by  feeding  on  yolk-spherules.  Its  development  appears  to 
be  determined  by  the  necessities  of  growth  in  the  blastoderm  or  embryo. 


DEVELOPMENT  OF  ELASMOBRANCH  FISHES.  681 

is  produced.  The  process  may  be  described  in  another  way 
by  saying  that  the  medullary  folds  are  continuous  round 
the  end  of  the  tail  with  the  lateral  walls  of  the  alimentary 
canal ;  so  that,  when  the  medullary  folds  unite  to  form  a  canal, 
this  canal  becomes  continuous  with  the  alimentary  canal,  which 
is  closed  in  at  the  same  time.  In  whatever  way  this  arrange- 
ment is  produced,  the  result  of.  it  is  that  it  becomes  possible 
to  pass  in  a  continuously  closed  passage  along  the  neural  canal 
round  the  end  of  the  tail  and  into  the  alimentary  canal.  A 
longitudinal  section  shewing  this  feature  is  represented  on 
Plate  XXIX.  fig.  7. 

This  communication  between  the  neural  and  alimentary 
canals,  which  is  coupled,  as  will  be  seen  in  the  sequel,  with  the 
atrophy  of  a  posterior  segment  of  the  alimentary  canal,  is  a 
feature  of  great  interest  which  ought  to  throw  considerable 
light  upon  the  meaning  of  the  neural  canal.  So  far  as  I  know, 
no  suggestion  as  to  the  origin  of  it  has  yet  been  made.  It 
iis  by  no  means  confined  to  Elasmobranchs,  but  is  present  in 
all  the  vertebrates  whose  embryos  are  situated  at  the  centre 
and  not  at  the  periphery  of  the  blastoderm.  It  has  been 
described  by  (loette*  in  Amphibians  and  by  Kowalevsky,  Ows- 
jannikow  and  Wagner  in  the  Sturgeon  (Acipenser*).  The  same 
arrangement  is  also  stated  by  Kowalevsky"  to  exist  in  Osseous 
Fishes  and  Amphioxus.  The  same  investigator  has  shewn  that 
the  alimentary  and  neural  canals  communicate  in  larval  Asci- 
dians,  and  we  may  feel  almost  sure  that  they  do  so  in  the 
Marsipobranchii. 

The  Beptilia,  Aves,  and  Mammalia  have  usually  been  dis- 
tinguished from  other  vertebrates  by  the  possession  of  a  well- 
developed  allantois  and  amnion.  I  think  that  we  may  further 
say  that  the  lower  vertebrates,  Pisces  and  Amphibia,  are  to 
be  distinguished  from  the  three  above-mentioned  groups  of 
higher  vertebrates,  by  the  positive  embryonic  character  that 
their  neural  and  alimentary  canals  at  first  communicate  pos- 

1  EntwickltmgsgetckichU  der  Unke. 

'  Melanges  Biologiques  de  VAcademU  PAersboU^rg,  Tome  vn. 

>  Archiv  /.  mikros.  Anat.  Vol.  yii.  p.  114.  In  the  passage  on  this  point 
Kowalevsky  states  that  in  Elasmobranchs  the  neural  and  aJimentary  canals 
communicate.  This  I  believe  to  be  the  first  notice  pablished  of  this  peculiar 
arrangement. 
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teriorly.  The  presence  or  absence  of  this  arrangement  depends 
on  the  different  positions  of  the  embryo  in  the  blastoderm. 
In  Reptiles,  Birds  and  Mammals,  the  embryo  occupies  a  central 
position  in  the  blastoderm,  and  not,  as  in  Pisces  and  Amphibia, 
a  peripheral  one  at  its  edge.  We  can,  in  fact,  only  compare 
the  blastoderm  of  the  Bird  and  the  Elasmobranch,  by  sup- 
posing that  in  the  blastoderm  of  the  Bird  there  has  occurred 
an  abbreviation  of  the  processes,  by  which  the  embryo  Elasmo- 
branch  is  eventually  placed  in  the  centre  of  the  blastoderm,  as 
a  result  of  which  the  embiyo  Bird  occupies  from  the  first  a 
central  position  in  the  blastoderm\ 

The  peculiar  relations  of  the  blastoderm  and  embryo,  and 
the  resulting  relations  of  the  neural  and  alimentary  canal, 
appear  to  me  to  be  features  of  quite  as  great  an  importance 
for  classification  as  the  presence  or  absence  of  an  amnion 
and  allantois. 

Oeneral  feature  of  the  hypoblast. 

There  are  but  few  points  to  be  noticed  with  reference  to  the 
histology  of  the  hypoblast  cells.  The  cells  of  the  dorsal  wall  of 
the  alimentary  cavity  are  columnar  and  form  a  single  row. 
Those  derived  from  the  yolk  to  form  the  ventral  wall  are  at 
first  roundish,  but  subsequently  assume  a  more  columnar  form. 

The  Notochord. 

One  of  the  most  interesting  features  in  the  Elasmobranch 
development  is  the  formation  of  the  notochord  from  the  hypo- 
blast. All  the  steps  in  the  process  by  which  this  takes  place 
can  be  followed  with  great  ease  and  certainty. 

1  Vide  Self,  Journal  of  Anat  and  Phys,  Y61.  z.  page  565,  and  PL  zzvi.  Fig.  1 
and  2,  and  Comparison,  &c.,  Qy,  Jour,  of  Micros,  Sci,  July,  1875,  p.  219.  It 
seems  possible  that  the  primitive  streak  with  the  primitive  groove  (described  by 
Dorsy  and  myself  in  Birds  and  by  Hensen  in  Mammalia),  which  is  sltnated  im- 
mediately behind  the  medullary  groove,  may  be  a  rudiment  at  the  position 
where  the  edges  of  the  blastoderm  coleseed  to  give  to  the  embryo  the  central 
situation  which  it  has  in  Birds  and  MammaJs.  If  the  primitive  streak  has  really 
this  meaning,  the  fusion  of  layers  which  takes  place  in  it  to  form  the  axis-cord, 
would  receive  a  satisfactory  explanation  as  the  remnant  of  the  primitive  con- 
tinuity epiblast  and  lower-layer  cells  at  the  edge  of  the  blastoderm,  while  the 
primitive  groove  (not  the  medullary  groove)  would  be  the  groove  naturally  left 
between  the  coalescing  edges  of  the  blastoderm.  In  order  clearly  to  understand 
the  view  here  expressed,  the  reader  ought  to  refer  to  the  passages  above  quoted, 
where  an  account  is  given  of  the  process  by  which  the  embryo  Elasmobranch  is 
constricted  off  from  the  edge  of  the  blastoderm. 
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Up  to  stage  B  the  hypoblast  is  in  contact  with  the  epiblast 
immediately  below  the  medullary  groove,  but  exhibits  no  trace 
of  a  thickening  or  any  other  formation  at  that  point. 

Between  stage  B  and  C  the  notochord  first  arises. 

In  the  hindermost  sections  of  this  stage  the  hypoblast  retains 
a  perfectly  normal  structure  and  uniform,  thickness  throughout. 
In  next  few  sections,  PI.  xxix.  fig.  1  c,  ch\  a  slight  thickening  is 
to  be  observed  in  the  hypoblast,  immediately  below  the  medul- 
lary canal.  The  layer,  which  elsewhere  is  composed  of  a  single 
row  of  cells,  here  becomes  two  cells  deep,  but  no  sign  of  a 
division  into  two  layers  exhibited. 

In  the  next  few  sections  the  thickening  of  the  hypoblast 
becomes  much  more  pronounced ;  we  have,  in  fact,  a  ridge 
projecting  from  the  hypoblast  towards  the  epiblast  (PL  xxix. 
fig.  1 6,  cA'). 

This  ridge  is  pressed  firmly  against  the  epiblast,  and  causes 
in  it  a  slight  indentation  The  hypoblast  in  the  region  of  the 
ridge  is  formed  of  two  layers  of  cells,  the  ridge  being  entirely 
due  to  the  uppermost  of  the  two. 

In  sections  in  front  of  this  a  cylindrical  rod,  which  can  at 
once  be  recognised  as  the  notochord  and  is  continuous  with  the 
ridge  just  described,  begins  to  be  split  off  from  the  hypoblast. 
It  is  difficult  to  say  at  what  point  the  separation  of  this  rod 
from  the  hypoblast  is  completed,  since  all  intermediate  gra- 
dations between  complete  separation  and  complete  attachment 
are  to  be  seen. 

Where  the  separation  first  appears,  a  fairly  thick  bridge  of 
hypoblast  is  left  connecting  the  two  lateral  halves  of  the  layer, 
but  anteriorly  this  bridge  becomes  excessively  delicate  and  thin 
(PI.  XXIX.  fig.  1  c),  and  in  some  cases  is  barely  visibLd  except 
with  high  powers. 

From  the  series  of  sections  represented,  it  is  clear  that  the 
notochord  commences  to  be  separated  from  the  hypoblast  an- 
teriorly, and  that  the  separation  gradually  extends  backwards. 

The  posterior  extremity  of  the  notochord  remains  for  a  long 
time  attached  to  the  hypoblast ;  and  it  is  not  till  the  end  of  the 
period  treated  of  in  this  chapter  that  it  becomes  completely 
free. 

A  sheath  is  formed  around  the  notochord,  very  soon  after  its 
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formation,  at  a  stage  intermediate  between  stages  C  and  D. 
This  sheath  is  very  delicate,  though  it  stains  with  both  osmic 
acid  and  haBmatoxylin.  I  conclude  from  its  subsequent  his- 
tory, that  it  is  to  be  regarded  as  a  product  of  the  ceUs  of  the 
notochord,  but  at  the  same  time  it  should  be  stated  that  it 
precisely  resembles  membrane-like  structures,  which  I  have 
already  described  as  probably  artificial. 

Towards  the  end  of  this  period  the  cells  of  the  notochord 
become  very  much  flattened  vertically,  and  cause  the  well- 
known  stratified  appearance  which  characterises  the  notochord 
in  longitudinal  sections.  In  transverse  sections  the  outlines  of 
the  cells  of  the  notochord  appear  rounded. 

Throughout  this  period  the  notochord  cells  are  filled  with 
yolk  spherules,  and  near  its  close  small  vacuoles  make  their 
appearance  in  them. 

An  account  of  the  development  of  the  notochord,  substan- 
tially similar  to  that  I  have  just  given,  appeared  in  my  prelimi- 
nary paper^  on  the  development  of  the  Elasmobranch  fishes. 

To  the  remarks  which  were  there  made,  I  have  little  to  add. 
There  are  two  possible  views,  which  can  be  held  with  reference 
to  the  development  of  the  notochord  from  the  hypoblast. 

We  may  suppose  that  this  is  the  primitive  mode  of  develop- 
ment of  the  notochord,  or  we  may  suppose  that  the  separation 
of  the  notochord  from  the  hypoblast  is  due  to  a  secondary 
process. 

If  the  latter  view  is  accepted,  it  will  be  necessary  to  main- 
tain that  the  mesoblast  becomes  separated  from  the  hypoblast 
as  three  separate  masses,  two  lateral,  and  one  median,  and  that 
the  latter  become  separated  much  later  than  the  two  former. 

We  have,  I  think,  no  right  to  assume  the  truth  of  this  view 
without  further  proof.  The  general  admission  of  assumptions 
of  this  kind  is  apt  to  lead  to  an  injurious  form  of  speculation,  in 
which  every  fact  presenting  a  difficulty  in  the  way  of  some 
general  theory  is  explained  away  by  an  arbitrary  assumption, 
while  all  the  facts  in  favour  of  it  are  taken  for  granted.  It  is 
however  clear  that  no  theoiy  can  ever  be  fairly  tested,  so  long 
as  logic  of  this  kind  is  permitted.  If,  in  the  present  instance, 
the  view  is  adopted  that  the  notochord  has  in  reality  a  meso- 

^  Loc.  cit. 
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blastic  origin,  it  will  be  possible  to  apply  the  same  view  to 
every  other  organ  derived  from  the  hypoblast,  and  to  say  that 
it  is  really  mesoblastic,  but  has  become  separated  at  rather  a 
late  period  from  the  hypoblast. 

If,  however,  we  provisionally  reject  this  explanation,  and 
accept  the  other  alternative,  that  the  notochord  is  derived  from 
the  hypoblast,  we  must  be  prepared  to  adopt  one  of  two 
views  with  reference  to  the  development  of  the  notochord  in 
other  vertebrates.  We  must  either  suppose  that  the  current 
statements  as  to  the  development  of  the  notochord  in  other 
vertebrates  are  inaccurate,  or  that  the  notochord  has  only  be- 
come secondarily  mesoblastic. 

The  second  of  these  alternatives  is  open  to  the  same  ob- 
jections as  the  view  that  the  notochord  has  only  apparently  a 
hypoblastic  source  in  Elasmobranchs,  and,  provisionally  at  least, 
the  first  of  them  ought  to  be  accepted.  The  reasons  for  ac- 
cepting this  alternative  fall  under  two  heads.  In  the  first 
place,  the  existing  accounts  and  figures  of  the  development  of 
the  notochord  exhibit  in  almost  all  cases  a  deficiency  of  clear- 
ness and  precision.  The  exact  stage  necessary  to  complete  the 
series  never  appears.  It  cannot,  therefore,  at  present  be  said 
that  the  existing  observations  on  the  development  of  the  noto- 
chord afford  a  strong  presumption  against  its  hypoblastic  origin. 

In   the   second  place,  the    remarkable    investigations    of 
Hensen^  on  the  development  of  the  notochord  in  Mammalia, 
render  it  very  probable  that,  in  this  group,  the  notochord  is  * 
developed  from  the  hypoblast. 

Hensen  finds  that  in  Mammalia,  as  in  Elasmobranchs,  the 
mesoblast  forms  two  independent  lateral  masses,  one  on  each 
side  of  the  medullary  canal. 

After  the  commencing  formation  of  the  protovertebrae  the 
hjrpoblast  becomes  considerably  thickened  beneath  the  medul- 
lary groove;  and,  though  he  has  not  followed  out  all  the  steps  of 
the  process,  yet  his  observations  go  very  far  towards  proving 
that  this  thickening  is  converted  into  the  notochord. 

Against  the  observations  of  Hensen,  there  ought,  however, 
to  be  mentioned  those  of  Lieberkiihn'.    He  believes  that  the 

^  ZeiUchrift  f,  Anat,  «.  Entwicklungsgeschichte,  Vol.  i.  p.  366. 
^  Sitz.  der  OeselL  zu  Marburg,  Jan.  1876. 
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two  lateral  masses  of  mesoblast,  described  by  Hensen  (in  an 
earlier  paper  than  the  one  quoted),  are  in  reality  united  by  a 
delicate  layer  of  cells,  and  that  the  notochord  is  formed  from  a 
thickening  of  these. 

LieberkUbn  gives  no  further  statements  or  figures,  and  it  is 
clear  that,  even  if  there  is  present  the  delicate  layer  of  meso- 
blast,  which  he  fancies  he  has  detected,  yet  this  cannot  in  any 
way  invalidate  such  a  section  as  that  represented  on  PL  x. 
fig.  40,  of  Hensen's  paper. 

In  this  figure  of  Hensen's,  the  hypoblast  cells  become  dis- 
tinctly more  columnar,  and  the  whole  layer  much  thicker  im- 
mediately below  the  medullary  canal  than  elsewhere,  and  this 
independently  of  any  possible  layer  of  mesoblast. 

It  appears  to  me  reasonable  to  conclude  that  Lieberkiibn's 
statements  do  not  seriously  weaken  the  certainty  of  Hensen*s 
results. 

In  addition  to  these  observations  of  Hensen's  on  Mammalia^ 
those  of  Kowalevsky  and  Kuppfer  on  Ascidians  may  fairly  be 
pointed  to  as  favouring  the  hypoblastic  origin  of  the  notochord. 

It  is  not  too  much  to  say  that  at  the  present  moment  the 
balance  of  evidence  is  in  favour  of  regarding  the  notochord  as 
a  hypoblastic  organ. 

This  conclusion  is,  no  doubt,  rather  startling,  and  difficult 
to  understand.  The  only  feature  of  the  notochord  in  its  favour 
is  the  fact  of  its  being  unsegmented\ 

Should  it  eventually  turn  out  that  the  notochord  is  de- 
veloped in  most  vertebrates  from  the  mesoblast,  and  only  ex- 
ceptionally from  the  hypoblast,  the  further  question  will  have 
to  be  settled  as  to  whether  it  is  primitively  a  hypoblastic  or  a 
mesoblastic  organ ;  but,  from  whatever  layer  it  has  its  source,  an 
excellent  example  will  be  afforded  of  an  organ  changing  from 
the  layer  in  which  it  was  originally  developed  into  another 
distinct  layer. 

^  lu  my  earlier  paper  I  suggested  that  the  endostyle  of  Ascidians  afforded  an 
instance  of  a  supporting  organ  being  deriyed  from  the  hypoblast.  This  parallel 
does  not  hold  since  the  endostyle  has  been  shewn  to  possess  a  secretory  fonc- 
tion.  I  never  intended  (as  has  been  imagined  by  Professor  Todaro)  to  regard 
the^dostyle  as  the  homologae  of  the  notochord. 
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EXPLANATION  OF  PLATE. 

ep.   epiblast.        hy.  hypoblast 

I  p,   coalesced  lateral  aud  vertebral  plate  of  mesoblnst 

m  g,  medullary  groove.        n  c.  neural  or  medullary  canal. 

p  V.  protovertebra.        so.  somatopleure. 

»p.   splanchnopleure.        1 8.  mesoblast  of  tail-swelling. 

ch,  chorda  doi^salis  or  notochord. 

ch\  ridge  of  hypoblast,  which  will  become  separated  oflf  as  the  noto- 
chord. 

al,  alimentary  canaL 

n.  a.  cells  formed  around  the  nuclei  of  the  yolk  to  enter  into  the  ventral 
wall  of  the  alimentary  canal. 

n.   nucleus  of  yolk.        yk,  yolk  spherules. 

Fig.  la.  Ib.lc.  Three  sections  from  the  same  embryo  belonging  to  a 
stage  intermediate  between  B  and  C,  of  which  fig.  1  a  is  the  most  anterior. 
X  96  diameters. 

The  sections  illdstrate  (1)  The  different  characters  of  the  medullary 
groove  in  the  different  regions  of  the  embiro.  (2)  The  structure  of  the 
coalesced  lateral  and  vertebral  plates.  (3)  The  mode  of  formation  of  the 
notochord  as  a  thickening  of  the  hypoblast  (ch\  which  eventually  becomes 
separated  from  the  hypoblast  as  an  elliptical  rod  (la.  ch). 

Fig.  2.  Section  through  the  anterior  part  of  an  embryo  belonging  to 
stage  C.  The  section  is  mainly  intended  to  illustrate  the  formation  of  the 
ventral  wall  of  the  alimentary  canal  from  cells  formed  around  the  nuclei  of 
the  yolk.  It  also  shews  the  shallowness  of  the  medullary  groove  in  the 
anterior  part  of  the  body. 

Fig.  2  a.  2  &.  2  c.  Throe  sections  from  the  same  embryo  as  fig.  2  Fi^.  2  a 
is  the  most  anterior  of  the  three  sections  and  is  from  a  point  shortly  in 
front  of  fig.  2.  The  fianires  illustrate  the  general  features  of  an  embryo  of 
stage  C,  more  especiaUy  the  complete  closing  of  the  alimentary  canal  in 
front  and  the  triangular  section  which  it  there  presents. 

Fig.  3.  Section  through  the  posterior  part  of  an  embryo  belonging  to 
stage  2).  X  86  diameters. 

It  shews  the  general  features  of  layer  during  the  stage,  more  especially 
the  differentiation  of  somatopleure  and  splanchnopleure. 

Fig.  3  a.  3  &.  3  c.  3  t;{l  3  6.  3/  Sections  of  the  same  embryo  as  fig.  3  ( x  60 
diameters).  Fig.  3  belongs  to  part  of  the  embryo  intermediate  between  fig. 
3  0  and  3/ 

The  sections  show  the  features  of  various  pai*ts  of  the  embryo.  Fig.  3  a, 
3  b.  and  3  c  belong  to  the  head,  and  special  attention  should  be  paid  to 
the  presence  of  a  cavity  in  the  mesoblast  in  3  &  and  to  ventral  curvature  of 
the  medullary  folds. 

Fig.  3  d  belongs  to  the  neck,  fig.  3  «  to  the  back,  and  fig.  3/ to  the  tail 

Fig.  4.  Section  through  the  region  of  the  tail  at  tho  commencement  of 
stage  F.     X  60  diameters. 

The  section  Ehews  the  character  of  the  tail-swellings  and  the  com- 
mencing closure  of  the  medullary  groove. 

Fig.  5.  Transverse  section  through  the  anterior  part  of  the  head  of  an 
embryo  belonging  to  stage  F.  ( x  60  diameters).  It  shews  (1)  tho  ventral 
curvature  of  the  medullary  folds  next  the  head.  (2)  The  absence  of 
mesoblast  in  the  anterior  part  of  the  hea*^!. 
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Fig.  6.  Sectioii  throngfa  the  liead  of  an  embiyo  at  a  stage  intennediate 
between  F  and  G.     x  86  diameters. 

It  shews  the  manner  in  which  the  mednllary  folds  of  the  head  nnite  to 
form  the  mednUary  canaL 

Fig.  7.  Longitadinal  and  Tertical  section  throogh  the  tail  of  an  embryo 
belonging  to  stage  O. 

It  STOWS  the  direct  commnnication  which  exists  between  the  nenral 
and  alimentary  canals. 

The  section  is  not  qnite  paraHel  to  the  lon^  axis  of  the  embryo,  so  that 
the  protovertebrsB  are  cat  through  in  its  anterior  part^  and  the  neural  canal 
passes  out  of  the  section. 

Fig.  8.  Network  of  nuclei  from  the  yolk  of  an  embiyo  b^onging  to 
stage  H. 


ON  THE  SPINAL  NERVES  OF  AMPHIOXUS.  —  By 
F.  M.  Balfoub,  B.A.,  Fellow  of  Trinity  College,  Cam- 
bridge. 

DuKiNG  a  short  visit  to  Naples  in  January  last,  I  was  enabled, 
through  the  kindness  of  Dr  Dohm,  to  make  some  observations 
on  the  spinal  nerves  of  Amphioxus.  These  were  commenced 
solely  with  the  view  of  confirming  the  statements  of  Stieda  on 
the  anatomy  of  the  spinal  nerves*  which,  if  correct,  appeared  to 
me  to  be  of  interest  in  connection  with  the  observations  I  had 
made  that,  in  Elasmobranchs,  the  anterior  and  posterior  roots 
arise  alternately  and  not  in  the  same  vertical  plane.  I  have 
been  led  to  conclusions  on  many  points  entirely  opposed  to  those 
of  Stieda,  but,  before  recording  these,  I  shall  proceed  briefly 
to  state  his  results,  and  to  examine  how  far  they  have  been  cor- 
roborated by  subsequent  observers. 

Stieda^  from  an  examination  of  sections  and  isolated  spinal 
cords,  has  been  led  to  the  conclusion  that,  in  Amphioxus,  the 
nerves  of  the  opposite  sides  arise  alternately,  except  in  the  most 
anterior  part  of  the  body,  where  they  arise  opposite  each  other. 
He  also  states  that  the  nerves  of  the  same  side  issue  alter- 
nately &om  the  dorsal  and  ventral  comers  of  the  spinal  cord. 
He  regards  two  of  these  roots  (dorsal  and  ventral)  on  the  same 
side  as  together  equivalent  to  a  single  spinal  nerve  of  higher 
vertebrates  formed  by  the  coalescence  of  a  dorsal  and  ventral 
root. 

Langerhans*  apparently  agrees  with  Stieda  as  to  the  facts 
about  the  alternation  of  dorsal  and  ventral  roots,  but  differs 
from  him  as  to  the  conclusions  to  be  drawn  from  those  facts. 
He  does  not,  for  two  reasons,  believe  that  two  nerves  of  Amphi- 
oxus  can  be  equivalent  to  a  single  nerve  in  higher  vertebrates : 
(1)  Because  he  finds  no  connecting  branch  between  two  suc- 
ceeding nerves,  and  no  trace  of  an  anastomosis.  (2)  Because 
he  finds  that  each  nerve  in  Amphioxus  supplies  a  complete 
myotome,  and  he  considers  it  inadmissible  to  regard  the  nerves, 

^  Mim,  Acad,  Pitershourg,  Vol.  xix. 
*  Archivf,  rnikr.  Anatomies  Vol  xu. 
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which  in  Amphioxus  together  supply  two  myotomes,  as  eqaiva- 
lent  to  those  which  in  higher  vertebrates  supply  a  single  myo- 
tome only. 

Although  the  agreement  as  to  facts  between  Langerhans 
and  Stieda  is  apparently  a  complete  one,  yet  a  critical  exami- 
nation of  the  statements  of  these  two  authors  proves  that  their 
results,  on  one  important  point  at  least,  are  absolutely  contra- 
dictory. Stieda,  PL  III.  fig.  19,  represents  a  longitudinal  and 
horizontal  section  through  the  spinal  cord  which  exhibits  the 
nerves  arising  alternately  on  the  two  sides,  and  represents  each 
myotome  supplied  by  one  nerve.  In  his  explanation  of  the 
figure  he  expressly  states  that  the  nerves  of  one  plane  only  (ie. 
only  those  with  dorsal  or  only  those  with  ventral  roots)  are 
repiesented;  so  that  if  all  the  nerves  which  issue  from  the 
spinal  cord  had  been  represented  double  the  number  figured 
must  have  been  present.  But  since  each  myotome  is  supplied 
by  one  nerve  in  the  figure,  if  all  the  nerves  present  were 
represented,  each  myotome  would  be  supplied  by  two  nerves. 

Since  Langerhans  most  emphatically  states  that  only  one 
nerve  is  present  for  each  myotome,  it  necessarily  follows  that 
he  or  Stieda  has  made  an  important  error;  and  it  is  not  too 
much  to  say  that  this  error  is  more  than  sufficient  to  counter- 
balance the  value  of  Langerhans'  evidence  as  a  confirmation  of 
Stieda's  statements. 

I  commenced  my  investigations  by  completely  isolating 
the  nervous  system  of  Amphioxus  by  maceration  in  nitric  acid 
according  to  the  method  recommended  by  Langerhans  ^  On 
examining  specimens  so  obtained  it  appeared  that,  for  the 
greater  length  of  the  cord,  the  nerves  arose  alternately  on  the 
two  sides,  as  was  first  stated  by  Owsjannikow,  and  subsequently 
by  Stieda  and  Langerhans;  but  to  my  surprise  not  a  trace 
could  be  seen  of  a  difference  of  level  in  the  origin  of  the  nerves 
of  the  same  side. 

The  more  carefully  the  specimens  were  examined  from  all 
points  of  view,  the  more  certainly  was  the  conclusion  forced 
upon  me,  that  nerves  issuing  from  the  ventral  comer  of  the 
spinal  cord,  as  described  by  Stieda,  had  no  existence. 

Not  satisfied  by  this  examination,  I  also  tested  the  point  by 

1  Loe.  eit. 
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means  of  sections.  I  carefully  made  transverse  sections  of  a 
successfully  hardened  Amphioxus,  through  the  whole  length  of 
the  body.  There  was  no  difficulty  in  seeing  the  dorsal  roots  in 
every  third  section  or  so,  but  not  a  trace  of  a  ventral  root  was  to 
be  seen.  There  can,  I  think,  be  no  doubt,  that,  had  ventral 
roots  been  present,  they  must,  in  some  cases  at  least,  have  been 
visible  in  my  sections. 

In  dealing  with  questions  of  this  kind  it  is  no  doubt  difficult 
to  prove  a  negative ;  but,  since  the  two  methods  of  investiga- 
tion employed  by  me  both  lead  to  the  same  result,  I  am  able  to 
state  with  considerable  confidence  that  my  observations  lend  no 
support  to  the  view  that  the  alternate  spinal  nerves  of  Amphi- 
oxus have  their  roots  attached  to  the  ventral  comer  of  the 
spinal  cord. 

How  a  mistake  on  this  point  arose  it  is  not  easy  to  say. 
All  who  have  worked  with  Amphioxus  must  be  aware  how  diffi- 
cult it  is  to  conserve  the  animal  in  a  satisfactory  state  for 
making  sections.  The  spinal  cord,  especially,  is  apt  to  be 
distorted  in  shape,  and  one  of  its  ventral  comers  is  frequently 
produced  into  a  horn-like  projection  terminating  in  close  con- 
tact with  the  sheath.  In  such  cases  the  connective  tissue 
fibres  of  the  sheath  frequently  present  the  appearance  of  a 
nerve-like  prolongation  of  the  cord ;  and  for  such  they  might 
be  mistaken  if  the  sections  were  examined  in  a  superficial 
manner.  It  is  not,  however,  easy  to  believe  that,  with  well 
conserved  specimens,  a  mistake  could  be  made  on  this  point 
by  so  careful  and  able  an  investigator  as  Stieda,  especially 
considering  that  the  histological  structure  of  the  spinal  nerves 
is  very  different  from  that  of  the  fibrous  prolongations  of  the 
sheath  of  the  spinal  cord. 

It  only  remains  for  me  to  suppose  that  the  specimens  which 
Stieda  had  at  his  disposal,  were  so  shrunk  as  to  render  the 
origin  of  the  nerves  very  difficult  to  determine. 

The  arrangement  of  the  nerves  of  Amphioxus,  according 
to  my  own  observations,  is  as  follows. 

The  anterior  end  of  the  central  nervous  system  pi'esents 
on  its  left  and  dorsal  side  a  small  pointed  projection,  into 
which  is  prolonged  a  diverticulum  from  the  dilated  anterior  ven- 
tricle of  the  brain.     This  may  perhaps  be  called  the  olfactory 

.    VOL.  X.  46 


692  UR  BALFOUB.     THE  SPINAL  KEBVES  OF  AJfPHIOXUS. 

nerve,  though  clearly  of  a  diflferent  character  to  the  other 
nerves.     It  was  first  accurately  described  by  Langerhans*. 

Vertically  below  the  olfactory  nerve  there  arise  two 
nerves,  which  issue  at  the  same  level  from  the  ventral  side 
of  the  anterior  extremity  of  the  central  nervous  system.  These 
form  the  first  pair  of  nerves,  and  are  the  only  pair  which  arise 
from  the  ventral  portion  of  the  cerebro-spinal  cord.  The  two 
nerves,  which  form  the  second  pair,  arise  also  opposite  each 
other  but  from  the  dorsal  side  of  the  cord.  The  first  and 
second  pair  of  nerves  have  both  been  accurately  drawn  and 
described  by  Langerhans:  they,  together  with  the  olfactory 
nerve,  can  easily  be  seen  in  nervous  systems  which  have  been 
isolated  by  maceration. 

In  the  case  of  the  third  pair  of  nerves,  the  nerve  on  the 
right-hand  side  is  situated  not  quite  opposite  but  slightly  be- 
hind that  on  the  left.  The  right  nerve  of  the  fourth  pair  is 
situated  still  more  behind  the  left,  and,  in  the  case  of  the 
fifth  pair,  the  nerve  to  the  right  is  situated  so  far  behind  the 
left  nerve  that  it  occupies  a  position  half-way  between  the 
left  nerves  of  the  fifth  and  sixth  pairs.  In  all  succeeding  nerves 
the  same  arrangement  holds  good,  so  that  they  exactly  alternate 
on  two  sides. 

Such  is  the  arrangement  carefully  determined  by  me  from 
one  specimen.  It  is  possible  that  it  may  not  be  absolutely  con- 
stant, but  the  foUowiug  general  statement  almost  certainly 
holds  good. 

All  the  nerves  of  Amphioxus,  except  the  first  pair,  have  their 
roots  inserted  in  the  dorsal  part  of  the  cord.  In  the  case  of  the 
first  two  pairs  the  nerves  of  the  two  sides  arise  opposite  each 
other;  in  the  next  few  pairs,  the  nerves  on  the  right-hand 
side  gradually  shift  backwards:  the  remaining  nerves  spring 
alternately  from  the  two  sides  of  the  cord. 

For  each  myotome  there  is  a  single  nerve,  which  enters,  as 
in  the  case  of  other  fishes,  the  intermuscular  septum.  This 
point  may  easily  be  determined  by  means  of  longitudinal 
sections,  or  less  easily  from  an  examination  of  macerated 
specimens.  I  agree  with  Langerhans  in  denying  the  exist- 
ence of  ganglia  on  the  roots  of  the  nerves. 

*  Loc.  cit. 


ON  THE  PLACENTATION  OF  THE  CAPE  ANT-EATER 
{Orycteropus  Capensis) — By  Professor  Turner. 

The  only  observation  on  the  placenta  of  Orycteropus  which, 
so  far  as  I  know^  has  up  to  this  time  been  recorded,  is  one 
made  by  Professor  Huxley  in  his  "Introduction  to  Classi- 
fication/' p.  104  (London,  1869),  where  he  states  that  in  this 
genus  the  placenta  is  discoidal  and  deciduate.  This  ob- 
servation was  made  on  a  specimen  preserved  in  the  stores  of 
the  Museum  of  the  Royal  College  of  Surgeons,  London^ 

In  pursuing  the  series  of  investigations  on  the  Comparative 
Anatomy  of  the  placenta  with  which  I  have  for  some  time  been 
engaged, I  was  desirous  of  examining  the  placenta  of  this  animal. 
With  great  liberality  Professor  Flower  has  placed  at  my  dis- 
posal two  specimens  of  its  placenta  in  the  stores  of  the  College 
of  Surgeons  Museum.  As  it  is  desirable  that  the  specimens 
should  be  satisfactorily  identified  as  belonging  to  Orycteropus, 
Professor  Flower  has  kindly  given  me  the  following  informa- 
tion on  the  subject.  "The  viscera  have  been  in  the  stores 
of  the  College  from  before  1841,  the  date  of  the  printed 
catalogue  of  the  store  specimens.  The  jar  in  which  they  were 
contained  is  marked  85,  Orycteropus,  viscera,  two  foetuses: 
membranes  and  placenta  attached.  It  contained  the  tongue, 
windpipe,  thoracic  and  abdominal  viscera  of  an  undoubted 
female  Orycteropus.**  The  two  foetuses  were  well  developed 
Cape  Ant-eaters,  and  of  considerable  size.  One  measured 
19  inches  from  the  tip  of  the  snout  to  the  end  of  the  tail,  and 
14  inches  from  the  tip  of  the  snout  to  the  root  of  the  tail : 
the  other  was  20  inches  long  to  the  end  of  the  tail,  and  14  inches 
to  the  root.  Two  placentae  were  also  present,  each  contained 
in  an  organ,  which  one  had  to  determine  whether  it  was  the 
whole  uterus,  or  only  a  part  of  the  uterus ;  also  whether  the 
two  foetuses  were  from  the  same  or  from  different  animals. 
The  detailed  description  which  I  shall  give  of  the  specimens 
will  I  think  shew  that  each  placenta  must  have  been  from  a 
different  mother,  and  that  I  had  two  uteri  therefore  before 

46—2 

I 


694  FBOFESSOB  TURNER.    ' 

me;  for  to  each  was  attached  a  Fallopian  tube  and  ovary, 
and  the  specimen,  which  I  have  designated  A,  had,  in  addition, 
an  ondeTeloped  non-fecondated  horn  connected  with  it. 

In  one  of  the  two  specimens,  which  I  shall  call  A^  the 
two-homed  form  of  the  ntems  was  recognized.  The  right 
horn  was  much  distended  and  contained  the  placenta  and 
membranes.  Its  length  was  7|  inches,  hot  as  it  had  been  cut 
across  above  the  os  uteri,  and  as  a  slice  had  been  removed 
from  its  fundus,  the  actual  length  must  have  been  three  or 
four  inches  greater.  Attached  to  the  left  aspect  of  this  comu 
were  the  ovary  and  its  ligament,  the  Fallopian  tube,  the 
broad  ligamentous  fold  of  peritoneum,  and  the  round  ligament. 
The  left  comu  was  of  small  size  and  the  foetal  membranes 
were  not  prolonged  into  it.  Its  anterior  part  was  fusiform, 
projected  from  the  side  of  the  posterior  part  of  the  fecundated 
horn,  and  was  only  Ij^ths  of  an  inch  in  length,  whilst  its  girth 
at  the  widest  part  was  l^ths  inch.  It  was  invested,  like 
the  fecundated  horn,  with  peritoneum,  but  the  broad  and 
round  ligaments,  ovary,  and  Fallopian  tube  had  unfortunately 
been  separated  from  it.  The  posterior  part  of  the  left  comu 
was  joined  for  about  an  inch  to  the  side  of  the  correspouding 
part  of  the  fecundated  horn,  so  as  to  be  enclosed  by  a  com* 
mon  envelope  of  peritoneum.  Their  cavities  were  separated 
from  each  other  by  a  distinct  partition,  and  in  all  probability, 
as  has  been  described  by  Rapp^  in  the  non-gravid  Orycteropus, 
had  opened  by  independent  mouths  into  the  vagina. 

The  right  cornu  had  been  opened  into  by  a  longitudinal 
incision  through  the  posterior  wall,  the  chorion  and  placenta 
had  been  cut  through  and  the  foetus  removed.  The  placenta  was 
arranged  as  a  broad  zone  around  the  transverse  diameter  of  the 
comu.  A  gap  in  the  continuity  of  the  zone  existed  across 
its  entire  breadth,  along  a  line  which  corresponded  to  the 
free  border  of  the  comu.  This  gap  varied  in  breadth  from 
•j^ths  to  1  inch,  and  in  this  locality  the  outer  surface  of  the 
chorion  was  non-villous,  and  in  relation  with  a  corresponding 
smooth  surface  of  the  uterine  mucosa,  and  between  the  two  a 
pouch-like  recess  was  situated.   This  deficiency  in  the  continuity 

1  DU  Edentaten,  p.  102.    Tttbingen,  1852. 
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The  gTATid  Uterus  and  convolnted  urner  inrlaee  of  th«  zon&ry  Flaconta  ol 
Oryettropai,  epecimen  A.  f.  the  fecundated  right  eomn ;  (the  form  of  the  fundus 
of  thigoDnia,/.c.,  has  been  drawn  from  speoimen  B).  n./.  the  non-fe«utidated 
left  oomu  ;  a  probe  has  been  inserted  from  beloir  into  its  oavity.  u.  the  am- 
bilical  cord,  with  the  amniotio  inveBtment  a.  p.p.  the  non-placenta)  poles  of 
the  chorion  in  which  branches  of  the  nmbihcal  vessels  rami^.  n  the  gap 
in  the  oontinoit;  of  the  zone,  wheie  the  tUU  are  absent,    pi.  the  placenta. 
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of  the  placental  zone  obviously  resembles  an  arrangement  which 
has  been  described  by  Bischoff  *  in  the  Stone  Marten  {Mustela 
foina)  and  Pine  Marten  {Mustela  Tnartes).  I  am  unable  to  say 
however  whether  this  pouch  had  contained,  as  Bischoff  found 
in  the  Martens,  effused  blood. 

The  zonary  placenta  had  an  almost  uniform  breadth  of 
5  inches.  Extending  from  its  lower  border  for  a  distance  of 
2  inches  towards  the  os  uteri  was  one  non-placental  pole  of 
the  chorion,  whilst  the  opposite  pole  passed  from  the  upper 
border  of  the  placenta  for  a  similar  distance  into  the  fundus 
of  the  cornu.  The  zone  of  the  chorion  was  intimately 
united  to  a  corresponding  zone  shaped  surface  of  the  uterine 
mucosa,  though  both  the  upper  and  lower  borders  of  the 
placenta  were  not  tied  down  to  the  uterine  wall^  but  were 
covered,  for  a  breadth  varying  from  half  an  inch  to  an  inch, 
by  a  prolongation  of  the  mucous  membrane  of  the  uterus  re- 
flected for  that  distance  on  to  them,  but  this  reflected  decidua 
was  not  continued  on  to  the  non-placental  part  of  the  chorion. 
The  arrangement  of  the  mucosa  at  the  borders  of  the  placenta 
bore  a  strong  resemblance  to  what  I  have  seen  at  the  maigin 
of  the  zonary  placenta  of  the  Grey  Seal*. 

The  second  specimen,  which  I  shall  call  B,  consisted  only  of 
the  left  fecundated  cornu,  which  measured  11  inches  in  length. 
The  fundus,  middle  and  lower  portions  of  the  cornu  had  been 
preserved,  but  the  vaginal  attachment  was  unfortunately  absent 
No  trace  of  the  right  cornu  was  to  be  seen.  A  slender  Fallopian 
tube,  enclosed  in  a  peritoneal  fold,  opened  into  the  left  cornu 
about  two  inches  from  the  summit  of  the  fundus.  The  ovary, 
with  its  ligament,  the  round  ~  and  broad  ligaments,  were  also 
present.  In  opening  into  this  cornu  for  the  piupose  of  remov- 
ing the  foetus  the  placenta  had  been  cut  through^  and  ap- 
parently a  portion  of  its  substance  cut  away.  The  placenta 
formed  a  zone  5^  inches  broad,  disposed  transversely  around  the 
long  axis  of  the  cornu.  The  dilated  fundus  of  the  cornu  reached 
for  three  inches  beyond  the  upper  border  of  the  placenta,  and 
into  it  one  smooth  non-placental  pole  of  the  chorion  projected; 
At  the  opposite  end  the  cornu  rapidly  diminished  in  size  to  a 

1  Silzhericht,  Akad.  WUienteh,    Miincheu,  13  May,  1S65,  p.  839. 
«  Trant.  Roy.  Sqc.    EdiDburgfa.  1876. 
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tube  only  half  an  inch  in  diameter,  which  had  been  divided 
before  the  specimen  came  into  my  charge,  but  where  the  con- 
tinuity of  the  comu  with  the  vagina  had  probably  existed. 
The  other  smooth  non-placental  part  of  the  chorion  extended 
into  this  part  of  the  horn  for  two  inches  beyond  the  border  of 
the  placenta,  up  to  the  divided  tube  just  referred  to.  At  the 
upper  and  lower  borders  of  the  placenta  the  uterine  mucous 
membrane  was  reflected  on  to  the  placenta,  so  as  to  have  a 
similar  disposition  to  the  arrangement  described  in  A;  but 
whilst  the  reflected  band  at  the  lower  border  had  an  average 
breadth  of  one  inch,  that  at  the  upper  was  only  about  a  quarter 
of  an  inch  broad.  No  gap  in  the  continuity  of  the  zone, 
similar  to  that  present  in  A,  was  seen  in  the  placenta  of  this 
specimen ;  but  it  is  possible  that  the  portion  of  the  placenta, 
which  had  apparently  been  removed  before  I  obtained  it  for 
examination,  may  have  contained  this  arrangement. 

From  the  examination  of  these  two  specimens  it  is  evident 
that  Orycteropus  possesses  a  zonary  placenta.  The  proportion 
of  the  chorion  and  uterus  occupied  by  the  zone  is  however 
considerably  greater  than  in  the  Camivora,  Pinnepediaf 
HyraXy  and  Elephas,  In  the  Bitch  and  Cat  the  chorion,  at  the 
full  time  is  between  seven  and  eight  inches  in  length,  but  the 
placental  zone  does  not  possess  a  diameter  of  more  than  from 
1^  to  If  inch.  In  a  Fox,  not  at  the  full  time,  a  chorion  five 
inches  long  had  the  placenta  only  one  inch  in  diameter.  In 
the  Qrey  Seal  the  chorion  was  about  three  feet  long,  and  the 
placenta  varied  in  diameter  from  four  to  nine  inches.  In 
Hyrax^  the  chorion  was  S\  inches  long,  and  the  placenta  varied 
in  breadth  from  a  quarter  to  half  an  inch.  In  the  Elephant 
at  about  the  mid-period  of  gestation,  described  by  Professor 
Owen,  notwithstanding  that  the  chorion  was  two  feet  six 
inches  long,  the  zonary  placenta  was  only  from  three  to  five 
inches  in  breadth. 

In  Orycteropus,  on  the  other  hand,  the  chorion  in  B,  which 
was  10^  inches  in  length,  had  a  placenta  5^  inches  broad, 
whilst  in  A  the  chorion,  eight  inches  in  length,  had  a  placenta 
5    inches    broad.     Hence  one  half,  or  even   more  than  one 

^  Proc,  Royal  Soc.  London,  Deo.  16, 1875. 
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half  of  the  longitudinal,  diameter  of  the  chorion  is  occupied  by 
the  placenta.  The  placenta  in  Orycteropus  may,  therefore, 
as  compared  with  other  zono-placentalia,  be  described  as 
broadly  zonular  in  form. 

The  inner  or  free  surface  of  the  placenta  in  both  specimens 
possessed  a  convoluted  appearance,  the  convolutions  being 
similar  in  their  general  disposition  to,  but  smaller  in  size  than, 
those  on  the  corresponding  face  of  the  placenta  of  the  Grey 
Seal.  The  largest  of  the  convolutions  had  a  breadth  of  -^ths 
inch,  whilst  the  smallest  were  not  more  than  ^ths  inch  broad. 
Adjacent  convolutions-  were  continued  into  each  other  across 
the  bottom  of  the  intermediate  sulci.  The  umbilical  cord, 
which  in  A  was  22^  inches  long,  though  in  B  it  was  somewhat 
shorter,  bifurcated  in  B  seven  inches  from  the  placenta,  but  in 
A  only  4^  inches.  A  blue  injection  was  passed  into  the 
umbilical  vessels,  and,  notwithstanding  the  number  of  years 
the  specimens  had  been  in  spirit,  a  considerable  quantity  of 
injection  found  its  way  into  the  fodtal  vessels,  the  ramifications 
of  which  on  the  inner  surface  of  the  placenta  could  be  distinctly 
seen.  A  transverse  section  through  the  cord  displayed  two 
umbilical  arteries,  two  umbilical  veins,  and  a  very  slender  tube 
situated  in  the  middle  of  the  cord.  The  central  tube  was 
undoubtedly  the  remains  of  the  allantois,  a  funnel-shaped 
prolongation  of  which  was  situated  in  the  angle  of  bifurcation 
between  the  two  halves  of  the  cord.  The  cord  was  invested 
by  the  amnion,  which  was  continued  along  the  branches  of 
bifurcation  to  the  inner  face  of  the  placenta.  Attached  to  the 
inner  surface  of  the  placenta  were  several  broad  folds  of  trans- 
lucent membrane  which  were  continuous  with  the  funnel-shaped 
prolongation  of  the  allantois  just  referred  to.  The  division  of 
the  membranes,  which  had  been  made  in  the  removal  of  the 
foetus,  prevented  me  from  tracing  the  precise  disposition  of  the 
amnion  and  allantois ;  but  it  seemed  as  if  the  allantois  invested 
•  the  greater  part^  if  not  the  whole,  of  the  inner  surface  of  the 
placenta,  and  that  the  amnion  was  separated  from  the  placenta 
by  the  sac  of  the  allantois.  Where  the  amnion  and  allantois 
were  in  contact  with  each  other,  the  ramifications  of  slender 
vessels  could  be  seen  between  them.  I  could  obtain  no  satis- 
factory evidence  of  the  presence  of  an  umbilical  vesicle. 
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The  umbilical  vessels  were  not  limited  in  thftir  distribution 
to  the  placental  part  of  the  chorion,  but  gave  off  branches  to 
the  non-placental  poles,  which  divided  and  subdivided  in  their 
course.  Occasionally 'the  finest  of  these  branches  ended  in  a 
capillary  network,  but  the  injection  had  not  run  so  mi- 
nutely as  to  fill  the  vessels  completely.  There  can  however 
be  little  doubt  that  in  Orycteropus,  as  I  have  elsewhere  shewn 
in  the  Carnivora  and  Pinnepedia^,  a  compact  capillary  plexus 
is  distributed  in  the  non-placental  parts  of  the  chorion. 

The  outer  surface  of  the  placenta  was  adherent  to  the 
uterine  wall.  On  taking  hold  of  the  placenta  with  the  one 
hand  and  the  wall  of  the  uterus  with  the  other,  and  making 
gentle  traction,  the  placenta  could  be  separated  from  the  uterus 
by  tearing  through  delicate  filamentous  tissue,  which  was  con- 
tinuous with  the  substance  of  the  placenta.  The  uterine  surface 
of  the  placenta  was  then  seen  to  be  fissured  and  to  have  a  con- 
voluted arrangement  somewhat  similar  to  that  of  the  inner 
surface,  only  not  so  distinct.  At  first  I  thought  that  in  strip- 
ping off  the  placenta  of  Orycteropus^  I  had  left,  as  in  the  Bitch, 
Fox,  and  Grey  Seal,  a  large  portion  of  the  mucous  membrane 
on  the  placental  zone  of  the  uterus,  and  only  removed,  along 
with  the  organ,  the  intra-placental  prolongations  of  the  mucosa. 
I  examined  microscopically  the  surface  which  I  had  exposed,  in 
the  expectation  of  finding  an  epithelial  investment,  such  as 
I  had  seen  in  the  animals  just  referred  to,  but  without  success ; 
for  the  tissue  exposed  consisted  of  a  vascular  connective  tissue 
resembling  the  sub-mucous  coat,  and  not  of  an  epithelial  layer, 
such  as  would  have  been  possessed  by  the  free  surface  of  a 
mucous  membrane.  It  was  obvious  therefore  that  in  stripping 
off  the  placenta  I  had  torn  through  the  sub-mucous  coat,  and 
had  removed,  along  with  the  chorion,  the  mucous  lining  of  the 
uterus  in  the  placental  zone. 

I  then  proceeded  to  examine  the  placenta  itself,  to  ascertain 
if  any  separation  could  be  made  between  the  chorion  and  the 
uterine  mucous  membrane,  but  the  results  which  I  obtained 
were  by  no  means  uniform.  In  specimen  B  it  was  not  a  diffi- 
cult matter  to  draw  the  chorion  away  from  the  mucous  mem* 

^  Lectures  on  the  ComparcUive  Anatomy  of  the  Placenta,  1st  serieSi  pp.  SO,  83, 
114.     Edinborgb,  1876. 
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braoe  and  to  analyse  the  placenta  into  its  foetal  and  maternal 
portions,  the  separation  being  effected  with  a  little  more  diffi- 
culty than  can  so  easily  be  done  in  the  Mare,  Pig,  or  Cetacean. 
In  A  the  chorion  and  uterine  mucosa  were  more  firmly  united 
to  each  other,  so  that  a  separation  could  not  be  artificially 
made. 

I  availed  myself  of  the  condition  of  things  displayed  by  B 
to  examine,  independently  of  each  other,  the  structure  of  the 
chorion  and  uterine  mucous  membrane.  The  placental  part  of 
the  chorion  presented  a  velvety  villous  surface,  resembling,  in 
its  naked-eye  character,  the  villous  chorion  of  the  Mare  and 
Cetacean.  The  villi  were  in  part  disposed  on  sinuous  ridges  of 
the  chorion,  which  sometimes  ran  parallel  to  each  other,  but  at 
times  anastomosed  together,  and  formed  a  reticulated  arrange- 
ment. The  villous  ridges  were  not  crowded  together,  but  were 
separated  from  each  other  by  well-marked  intervals.  The  sur- 
face of  the  chorion  between  the  bases  of  the  ridges  gave  origin 
to  crowds  of  villi,  which  kept  up  the  continuity  of  the  villous 
surface.  The  villi  which  arose,  both  from  the  ridges  and  the 
intermediate  parts  of  the  chorion,  divided  into  numerous  minute 
stunted  villi,  some  of  which  had  the  form  of  short  filaments, 
though  more  usually  the  free  end  was  truncated.  The  multi- 
tude of  these  stunted  villi  contributed  materially  to  the  velvety 
aspect  of  the  surface.  As  compared  with  what  I  have  seen 
in  the  Mare  and  Cetacea,  the  villi  in  Orycteropua  appeared  to 
be  more  uniformly  diffused  over  the  placental  area  of  the 
chorion,  and  not  to  be  arranged  in  clusters,  with  intermediate 
surfaces,  either  bare  of  villi  or  with  only  short  simple  villi 
springing  from  them,  such  as  I  have  described  in  the  former 
animals.  Well-marked  branches  of  the  umbilical  vessels  ran 
along  the  bases  of  the  ridges,  and  sent  off  branches  into  their 
substance,  which  ended  in  a  capillary  network.  The  capillaries 
which  entered  the  minute  villi  formed  simple  loops  in  their 
interior.  In  addition  to  the  intra-villous  capillaries  a  well- 
marked  extra-villous  network  was  distributed  beneath  the 
general  plane  of  the  chorion,  and  presented  an  arrangement 
similar  to  what  I  have  seen  in  the  Cetacea  and  Mare. 

The  free  surface  of  the  uterine  mucous  membrane  presented 
a  mould  of  the  villous  surface  of  the  chorion  from  which  it  had 
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Magnified  new  of  »  vertio&I  seotion  through  tlie  Plsoeuta  knd  Uterine  wall 
o[  Orycttropiu ;  Bpeoimen  B.  eh.  the  chorion,  with  the  villi  growiog  from  itn 
outer  BarlBiie.  At  the  two  aides  o(  the  figure  the  Tilli  are  Been  to  be  drawn  out  of 
the  DTyptB  in  the  mucosa,  but  in  the  centre  of  the  figure  a  Tillou9  ridge  r  fits 
closely  between  two  folds  of  the  mncous  membrane,  in  the  crjpts  ol  wluoh  the 
villi  are  lodged.  In  the  villi,  to  the  tight  and  centre,  the  mobilical  veeseU  are 
iujealed  ;  in  those  to  the  left  they  are  not.  m.m.  ntecine  nuooHa  elevated  into 
folds,  cr.  CT.  orypts.  e.f.  epithelial  layer  belonging  to  the  crypts,  ef.  looae 
epithelial  eellB  shed  from  the  surface  of  the  mucosa,  g.  glands  in  transverse 
section,     v.v.  maternal  blood-veaaela.    (Tn.  sub-muoone  tiaaue.      va.  mnacnlar 
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been  detached.  It  possessed  numerous  elongated  indentations, 
into  which  the  villous  ridges  had  fitted,  and  was  punctated  by 
innumerable  shallow  pits  or  crypts,  which  had  lodged  the 
stunted  yillL  The  mucous  membrane  walling  in  these  indenta- 
tions and  crypts  sometimes  had  the  form  of  sinuous  trabecuIsB, 
but  more  frequently,  coincident  with  the  multitude  of  crypts 
and  their  communications  with  each  other,  these  trabeculae 
were  subdivided  into  numerous  slender  papillaiy  elevations, 
which,  when  the  foetal  and  maternal  portions  of  the  placenta 
were  in  apposition  with  each  other,  were  lodged  between  the 
foetal  villL  This  relation  of  the  parts  to  each  other  was  well 
seen  in  vertical  sections  through  the  entire  thickness  of  the 
placenta  when  its  component  parts  were  in  situ.  The  villi, 
which  covered  the  ridges,  fitted  into  crypts  situated  at  the 
sides  and  bottom  of  the  indentations  *in  the  mucosa^  whilst  the 
villi  which  sprang  from  the  chorion  between  the  bases  of  the 
ridges  fitted  into  ciypts  on  the  summits  of  the  sinuous  tra- 
beculae or  papillary  elevations  of  the  mucosa. 

Notwithstanding  the  number  of  years  the  placenta  had  been 
in  spirit  I  succeeded,  in  many  sections  through  the  placenta^  in 
seeing  quantities  of  cells,  which  were  the  epithelial  lining  of  the 
crypts.  In  some  instances  these  cells  were  observed  in  the 
crypts  themselves;  occasionally  I  saw  them  attached  to  the  wall 
of  the  crypt  and  presenting  the  free  end  to  the  eye  of  the 
observer,  though  often,  where  a  villus  had  been  drawn  out  of 
a  crypt,  they  were  detached  from  the  wall  and  lying  free  in 
its  cavity.  In  other  instances  they  were  found  in  laige  num- 
bers lying  loosely  in  the  fluid  in  which  the  specimen  was 
examined.  They  consisted  of  nucleated  masses  of  granulated 
protoplasm ;  sometimes  they  were  columnar  in  form,  at  others 
polygonal,  at  others  rounded,  and  they  closely  resembled  in 
shape  and  appearance  the  epithelial  cells  which  I  have  described 
as  lining  the  uterine  crypts  in  the  Mare,  Narwhal,  and  many 
other  mammals.  It  was  by  no  means  uncommon  in  specimens 
stained  with  carmine  to  find  a  pink-tinted  band  on  the  free 
surface  of  the  crypts,  due,  I  have  little  doubt,  to  staining  of 
the  protoplasm  of  the  epithelium  cells  still  adherent  to  the  wall 
of  the  crypts.  The  epithelium  rested  on  a  sub-epithelial  connec- 
tive tissue,  continuous  with  the  sub-mucous  connective  tissue 
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coat  of  the  uterus.  I  made  an  attempt  to  inject  the  uterine 
vessels  so  that  I  might  see  what  their  disposition  was  in  the 
mucous  membrane.  I  failed,  however,  in  the  attempt,  so  that 
I  cannot  say  whether  the  vessels  of  the  maternal  part  of  the 
placenta  terminated  in  a  network  of  ordinary  capillaries,  as  is* 
the  case  in  the  Mare,  Fig,  Cetacea,  and  Lemurs,  or  dilated  into 
colossal  capillaries,  such  as  one  sees  in  the  Qrey  Seal,  the  Fox, 
and  other  Camivora  and  in  the  Sloth. 

In  the  next  place  I  proceeded  to  examine  the  uterine 
mucous  membrane  with  the  view  of  ascertaining  the  arrange^ 
ment  of  the  utricular  glands.  Portions  of  the  mucosa  from 
the  non-placental  area  of  the  uterus  were  first  put  under 
the  microscope,  and  tubular  glands  were  seen  ramifying  in  it. 
As  the  arrangement  of  ntricular  glands  can  only  be  satis- 
factorily  ascertained  when  the  epithelium  is  present,  aiid  as  the 
epithelial  cells  in  the  glands  seemed  to  be  to  some  extent  in 
a  process  of  disintegration,  the  arrangement  of  the  glands  was 
not  so  precisely  made  out  as  I  should  have  desired.  I  ascer- 
tained however  that  the  glands  occasionally  bifurcated,  and 
that  they  gave  origin  to  short  diverticula,  in  which  the  secre- 
ting cells  were  as  a  rule  more  distinct  than  in  the  branches 
of  bifurcation  and  gland  stems.  In  one  preparation  I  saw 
two  glands  close  together  and  parallel  to  each  other,  but  as 
a  rule  they  were  separated  from  each  other  by  considerable 
intervals,  occupied  by  connective  tissue,  and  they  were  not 
by  any  means  so  numerous  as  in  the  Pig,  Mare,  Cetacea, 
Lemurs  or  Manis. 

In  sections  of  the  wall  of  the  uterus  in  the  placental  area 
sections  through  the  tubular  glands  were  occasionally  seen: 
they  were  situated  in  the  sub-mucous  tissue  in  close  proximity 
to  the  true  muscular  coat :  the  glands  contained  an  epithelium 
arranged  around  a  central  lumen.  The  part  of  the  glands,  which 
was  observed  in  this  region,  was  obviously  the  deeper  end,  and 
the  sections  were  transversely  through  the  tubes.  I  examined  a 
number  of  sections  with  the  object  of  tracing  the  glands  through 
the  thickness  of  the  mucosa  in  the  placental  region  to  their  open- 
ings on  the  surface  of  the  maternal  placenta.  I  was  unsuccessful 
however  in  tracing  a  single  gland  to  its  termination,  and  for 
undoubtedly  the  same  reason  that  led  to  the  want  of  success 
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in  the  study  of  the  placenta  in  the  common  Cat',  viz.  the 
complexity  of  the  surface  owing  to  the  multitude  of  crypts  it 
contained,  and  the  absence  of  recognisable  areas  free  from 
crypts  in  which  the  glands  opened,  such  as  I  have  described 
in  the  Pig,  Mare,  and  most  remarkably  in  the  Lemurs.  I 
examined  the  crypts  with  care,  but  could  not  determine 
that  the  glands  had  any  direct  communication  with  them. 
The  number  of  crypts  was  so  very  much  greater  than  that  of 
the  glands,  that  even  if  a  gland  did  occasionally  open  into  a 
crypt,  it  is  obvious  that  the  crypts  could  have  had  no  necessary 
relation  to  the  glands,  and  must  have  been  developed  quite  in- 
dependently of  them.  In  this  respect  the  examination  of  the 
placenta  of  Qrycteropus,  imperfect  though  it  to  some  extent 
has  been,  owing  to  the  length  of  time  the  specimen  had  been 
kept,  is  in  accordance  with  what  I  have  seen  in  so  many  other 
mammals. 

A  few  words  may  now  be  said  on  the  nature  of  the  pla- 
centation  in  this  animal,  whether  it  should  be  referred  to  the 
Deciduate  or  Non-deciduate  group.  If  specimen  B  alone  had 
been  before  me  for  examination  I  should  have  been  inclined 
to  say  that  Orycteropua  was  a  non-deciduate  mammal.  The 
readiness  with  which  the  chorion  could  be  separated  from  the 
uterine  mucosa,  and  the  ease  with  which  the  villi  of  the  former 
could  be  enucleated  out  of  the  crypts  in  the  latter,  without 
drawing  away  with  them  maternal  tissue,  were  strongly  sug- 
gestive of  a  relation  of  parts  similar  to  what  one  is  familiar 
with  in  the  diffused  and  non-deciduate  placenta  of  the  Mare 
and  Cetacean.  The  broadly  zonular  form  of  the  placenta 
in  OrycteropuSy  which  closely  approximates  to  the  zonary 
placenta  of  the  deciduate  Carnivore,  or  Seal,  is  not  to  be 
regarded  as  an  argument  of  any  importance  against  this  view 
of  its  structure,  for  the  non-villous  poles  of  the  chorion  are 
merely  an  exaggerated  condition  of  the  bare  spots  at  the 
poles  of  the  chorion  in  the  Mare  and  Cetacea,  and  in  the  Pig, 
as  was  known  to  Von  Baer,  and  as  has  been  confirmed  by 
myself  and  other  anatomists,  each  end  of  the  chorion  for 
several   inches  around    the   pole   had    a    smooth    non-villou.s 

*  Leeturei  on  tJw  Comparative  Anatomy  of  the  Placenta,  lat  series,  p.  75. 
Edinburgh,  1876. 
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surface.  Orycteropus  differs  however  from  such  diffused  and 
non-deciduate  mammals,  e.g.  the  Mare,  Cetacea,  and  Lemurs, 
which  produce  only  one  foetus  at  a  birth,  in  having  the  chorion 
confined  to  the  fecundated  horn,  whereas  in  the  uniparous 
mammals  just  referred  to,  the  chorion  extends  from  the  end 
of  the  fecundated  to  the  end  of  the  non-fecundated  cornu. 
This  difference  in  Orycteropus  is  undoubtedly  due  to  the 
horns  of  the  uterus  opening  independently  into  the  vagina, 
and  not  communicating  with  each  other  through  a  common 
corpus  uteri. 

Specimen  A,  which  is  I  believe  the  one  referred  to  by 
Professor  Huxley  in  his  Introduction  to  Classification,  did  not 
allow  the  separation  of  the  chorion  from  the  uterine  mucous 
membrane.  These  two  constituents  of  the  placenta  were  so 
closely  adapted  to  each  other,  that  all  my  attempts  to  make 
a  clean  separation  between  them  failed.  Hence  the  examina- 
tion of  this  specimen  'alone  would  have  justified  me  in  con- 
cluding, as  had  been  done  by  Professor  Huxley,  that  the 
placenta  in  Orycteropus  was  deciduate.  How  the  great  dif- 
ference in  the  separability  of  the  foetal  and  maternal  elements 
of  the  placenta,  as  exhibited  by  these  two  specimens,  was 
occasioned  must  remain  a  matter  of  doubt.  It  is  possible 
that  A  had  been  immersed  at  one  time  in  stronger  spirit  than 
B,  so  that  the  constituent  parts  of  the  placenta  had  been  more 
firmly  bound  together  by  the  hardening  action  of  the  pre- 
servative fluids.  On  the  other  hand  it  cannot  be  said  that 
B  had  been  imperfectly  preserved,  or  exhibited  any  marks  of 
disintegration  from  putrescence;  for  the  microscopic  sections 
through  B  gave  much  clearer  views  of  the  structure  of  the 
tissues,  and  the  foetal  capillaries  were  more  fully  injected,  a  con- 
dition of  things  which  inclines  me  the  more  to  the  view  that 
B  gives  one  the  correct  clue  to  the  nature  of  the  placenta- 
tion.  At  present,  however,  a  definite  statement  cannot  be  made, 
and  the  determination  of  the  placentation,  as  regards  its  de- 
ciduate or  non-deciduate  nature,  must  be  reserved  until  some 
competent  anatomist  can  obtain  the  perfectly  fresh  gravid  uterus 
of  this  animal,  or  still  better,  examine  its  shed  placenta. 

Orycteropus  furnishes   an   additional  illustration  to  those 
previously  recorded   of  the  modifications  in  the  form  of  the 
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placenta  exhibited  by  animals  belonging  to  the  order  EdentaicL 
The  Armadilloes  (JDasypus),  according  to  Professor  Owen,  pos- 
sess a  single,  thin,  oblong,  disc-shaped  placenta ;  a  specimen, 
probably  Basypus  gymnurus,  recently  described  by  KoUiker*, 
had  a  transversely  oval  placenta,  which  occupied  the  upper 
§rds  of  the  uterus.  In  ManiSy  as  Dr  Sharpey  has  shewn,  the 
placenta  is  diffused  over  the  surfaces  of  the  chorion  and  uterine 
mucosa.  In  Myrmecophaga  and  Tamarhdua,  as  MM.  Milne 
Edwards  have  pointed  out,  the  placenta  is  set  on  the  chorion 
in  a  dome-like  manner.  In  the  Sloths,  as  I  have  elsewhere 
described,  the  placenta  is  dome-like  in  its  general  form,  and 
consists  of  a  number  of  aggregated,  discoid  lobes.  In  Orydero- 
pus,  as  I  have  now  shewn,  the  placenta  is  broadly  zonular. 

The  Edentata  therefore,  so  far  as  their  placentation  has 
been,  up  to  this  time,  studied,  furnish  examples  of  all  the 
known  gioup-forms  of  placenta,  except  the  cotyledonary.  They 
vary  also  in  the  intimate  relation  of  their  foetal  and  maternal 
structures,  for  whilst  the  Armadilloes  and  Sloths  are  deciduate. 
Mania,  on  the  other  hand,  is  undoubtedly  non-deciduate ;  whilst 
the  characters  of  the  Hairy  and  Cape  Ant-eaters,  as  regards  the 
decidua,  have  not  yet  been  precisely  determined. 

1  Entwicklungsgeschiehte  des  Mentcherit  dtc,    2nd  ed.,  p.  362.     Leipzig, 
1876. 
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(From  the  Jodrell  Laboratory,  University  College,  London.) 

The  object  of  the  investigation  of  wbich  the  following  are  some 
of  the  results,  was  to  determine,  as  far  as  opportunity  permitted, 
the  electrotonic  conditions  of  muscle  permeated  by  nerve.  While 
conducting  this  investigation,  I  happened  to  observe  that  injury 
of  a  motor  nerve  is  followed  by  a  very  marked  and  very  peculiar 
alteration  in  its  behaviour  towards  voltaic  stimuli.  This  branch 
of  the  enquiry  I  therefore  worked  out  with  some  completeness, 
and  as  the  facts  presented  by  it  are  of  considerable  interest  in 
themselves,  it  seems  desirable  to  treat  of  them  in  a  separate 
form.  There  are  likewise  one  or  two  other  observations  which 
were  made  in  a  similarly  incidental  way;  and  as  these  do  not 
stand  in  any  definite  relation  to  my  other  results,  I  take  this 
opportunity  of  publishing  them  as  a  sort  of  appendix  to  the 
present  paper. 

§  1.  Before  proceeding  to  describe  the  experiments  and 
results  which  constitute  the  main  subject  of  this  article,  it  is 
necessary  to  state  some  facts  concerning  the  electrotonic  con- 
ditions of  a  frog's  gastrocnemius  prior  to  injury  of  its  attached 
sciatic  nerve.  If,  then,  this  muscle  be  placed  on  non-polarizable 
electrodes  in  a  horizontal  position  with  its  convex  surface  upper- 
most, one  is  generally  able  to  observe  that  it  is  somewhat  more 
eensitive  to  minimal  stimulation,  supplied  by  closure  of  the 
constant  current,  when  the  femoral  end  rests  on  the  kathode 
than  when  this  end  rests  on  the  anode.  In  other  words,  the 
muscle  under  these  conditions  is  most  sensitive  to  minimal 
make  of  the  current  when  the  latter  is  in  the  ascending  direc- 

^  An  abstract  of  this  paper  was  read  before  the  Boyal  Society  on  Hay  4th, 
1876. 
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tioii'.  This  appears  to  be  the  exact  reverse  of  what  is  true  of 
nerve  when  iu  the  **  weakest"  phase  of  Fflliger^s  series ;  but  a 
little  reflection  will  show  that,  upon  the  theory  of  electrotonus, 
this  is  just  what  we  ought  in  this  case  to  expect  Pflliger^s  law 
refers  to  nerve-trunks  outside  of  muscle,  so  that,  according  to 
the  theory  of  electrotonus,  the  reason  why  the  descending  make 
constitutes  the  strongest  stimulus,  is  probably  because  this  is 
the  case  in  which  the  kathode,  or  point  of  strongest  stimulus  on 
making,  is  nearest  the  muscle.  But  if,  as  in  the  experiment  we 
are  considering,  both  electrodes  are  placed  in  contact  mik  the 
muscle,  the  element  of  relative  proximity  of  anode  and  kathode 
to  the  muscle  is  abolished,  and  the  direction  of  the  current 
which  supplies  the  stronger  stimulus  will  probably  be  deter- 
mined by  the  distribution  of  the  nerve  in  the  substance  of  the 
muscle  itselfl  Now  the  sciatic  nerve  enters  the  gastrocnemius 
near  the  origin  of  the  latter,  and  then  courses  along  the  musde, 
spreading  out  its  peripheral  ramifications  as  it  advances.  Con- 
sequently, in  the  experiment  now  under  consideration,  one  elec- 
trode is  in  almost  immediate  contact  with  the  nerve-trunk 
where  it  enters  the  muscle,  while  the  other  electrode  supports 
the  part  of  the  muscle  that  contains  only  peripheral  nervous 
elements.  It  is  therefore  to  be  expected,  upon  the  theory  of 
electrotonus,  that  the  muscle  under  these  conditions  should 
prove  itself  most  sensitive  to  the  closing  shock  when  the  nerve- 
trunk  rests  on  the  kathode — ^that  is,  when  the  current  in  the 
muscle  is  ascending. 

It  is  to  be  observed,  however,  that  although  this  expectation 
is  in  most  cases  fulfilled,  it  is  far  from  being  so  invariably. 
Different  gastrocnemius  muscles,  though  treated  as  fsur  as  pos- 
sible in  exactly  the  same  way,  manifest  considerable  differencea^ 
both  in  their  general  sensitiveness  to  electrical  stimulation,  and 
in  their  Relative  sensitiveness  to  closure  of  the  ascending  and 
descending  currents  respectively.  Nay  even  the  same  musde^ 
if  rapidly  prepared,  will  generally  be  found  to  undergo  fluctua- 
tions in  these  respects  from  minute  to  minute,  and  sometimes 
even  from  second  to  second.    This  £act>  I  presume,  is  to  be 

1  ThMMigfaoat  IhiB  paper,  when  speaUng  of  the  gaatroenemiiui,  I  shall  alwaja 
hm  the  term  "  asoenamg  "  to  denote  passage  of  the  onrrent  from  the  tarsal  to 
the  femoral  end  of  tiie  mnsdle,  and  the  term  "  desoendlng  "  to  denote  pasaage  of 
the  onnent  in  the  opposite  direction. 
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attributed  to  the  unnatural  conditions  whicli  the  experiment 
imposes  upon  the  processes  of  nutrition.  It  may  therefore  be 
well  to  state  that  I  have  conducted  some  observations  upon 
muscles  while  still  in  the  body  of  the  living  frog — ^taking  care 
not  to  expose  them  more  than  was  necessary  for  the  purposes 
of  stimulation.  The  results  yielded  by  this  method,  however, 
were  not  more  uniform  than  those  which  I  had  previously  ob* 
tained  by  the  less  laborious  method  of  rapidly  preparing  and 
observing  excised  muscles. 

Notwithstanding,  however,  these  fluctuations  of  excitability, 
I  think  I  may  confidently  assert,  as  the  result  of  a  large  number 
of  experiments,  that  the  following  should  certainly  be  regarded 
as  the  general  rule : — The  gastrocnemiiM  muscle  of  a  frog  is 
more  sensitive  to  mirwmal  stimuUUion  supplied  by  closure  of  the 
constant  current,  when  the  latter  is  ascending  than  when  it  is 
descending  through  the  substance  ofihe  muscle. 

Similarly,  with  the  same  limitations  as  before,  the  comple- 
mentary rule  may  now  be  enunciated,  viz. : — The  gastrocnemius 
muscle  of  a  frog  is  more  sensitive  to  minimal  stimulation  sup^ 
pUed  by  opening  of  the  constant  current,  when  the  latter  is  de- 
scending than  when  it  is  ascending  through  the  substance  of  the 
muscle. 

§  2.  It  has  long  been  known  that  when  a  nerve  is  cut,  or 
otherwise  injured,  the  parts  of  the  nerve  at  and  near  the  seat  of 
injury  have  their  excitability  increased.  Now,  if  any  muscle  of 
a  frog  be  chosen  in  which  the  nerve-supply  enters  at  one  end, 
and  this  muscle  be  placed  on  non-polarizable  electrodes  as  de- 
scribed in  §  1,  I  find  that  section  of  the-  nerve-trunk  near  or 
within  the  muscle  is  attended  with  very  remarkable  alterations, 
not  only  in  the  general  sensitiveness  of  the  muscle,  but  also 
and  more  particularly,  in  its  rdative  sensitiveness  to  make  and 
to  break  of  the  current  But  before  describing  these  altera- 
tions, it  is  necessary  for  me  to  preface  the  statement  o{  my 
results  with  a  brief  description  of  the  method  by  which  I  ob- 
tained them. 

The  gastrocnemius  muscle,  being  in  every  req[>ect  the  best 
suited  for  the  observations  in  question,  is  the  muscle  which  I 
mainly  employed.  The  sciatic  nerve  I  usually  divided  at  the 
origin  of  the  femur  (never  lower  down),  and  then  dissected  it 

47—2 
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cut  ad  far  as  the  tibial  end  of  the  femur  in  the  ordinary  way, 
but  with  more  than  ordinary  care  not  to  injure  the  nerve  in  the 
process.  Having  previously  severed  the  tibia  and  divided  the 
tendo  Achillis,  I  next  cut  through  the  femur  as  close  to  the 
knee  as  possible.  The  nerve- muscle  preparation  was  now  placed 
on  non-polarizable  electrodes  with  the  fiat  surface,  of  the  muscle 
downwards,  and  the  nerve  supported  beyond  the  electrodes  by 
means  of  a  glass  rod.  The  usual  precautions  as  to  temperature, 
moisture,  &c.  having  been  attended  .to^  it  only  remained  to 
ascertain  aa  quickly  as  possible,  (1)  the  minimal  descending 
break,  (2)  the  minimal  ascending  make,  and  (3)  the  minimal 
descending  make.  It  is  very  important  to  take  these  observa- 
tions in  this  order;  for,  as  will  immediately  appear,  the  intensity 
of  the  current  required  to  cause  the  earliest  response  to  the 
descending  break  is  comparatively  high ;  so  that,  in  order  to 
ascertain  its  exact  degree,  it  is  necessary  to  throw  the  muscle 
into  a  more  or  less  severe  state  of  tetanus  every  time  the  current 
is  closed^  Now,  as  it  generally  requires  five  or  six  attempts 
before  the  minimal  descending  break  can  be  determined',  how- 
ever  short  a  time  the  tetanus  on  each  occasion  is  allowed 
to  last,  its  repeated  occurrence  at  short  intervals  cannot  but 

1  The  JodreU  Laboratory  is  provided  with  a  moist  chamber  of  a  cubical 
form,  and  sufficiently  large  to  take  in  an  entire  frog.  Many  of  my  experiments 
were  therefore  made  without  exposing  the  sciatic  nerve  at  all.  The  tendo 
Achillis  being  divided  and  the  tibia  removed  at  the  knee,  the  whole  frog  was 
introduced  into  the  moist  chamber,  and  there  supported  on  a  level  with  the 
electrodes.  The  exposed  gastrocnemius  muscle  was  then  placed  on  the  latter, 
and  the  experiment  proceeded  with  as  abova 

'  It  may  not  be  superfluous  to  state  that  a  muscle  (whether  or  not  eurarized) 
behaves  very  differently  towards  galvanic  stimulation  when  the  cuirent  is  applied 
directly  to  itself,  and  when  the  current  is  applied  to  its  attached  nerve.  For,  in 
the  latter  case,  as  is  universally  known,  the  muscle  only  contracts  at  the  moment 
when  the  current  is  being  either  opened  or  dosed,  or  when  variations  are  taking 
place  in  the  intensity  of  the  current  while  it  continues  closed.  But  in  the 
former  case  the  musde  continues  in  a  state  of  persistent  contraction,  or 
tetanus,  during  the  whole  of  the  time  that  the  current  is  passing.  The  stronger 
the  current  the  more  severe  is  such  tetanus,  and  with  very  feeble  currents  it  is 
not  observable  at  all,  i.  e.  currents  which  are  only  just  strong  enough  to  cause 
minJTnal  stimulation  on  closure,  do  not  cause  persistent  tetanus  while  dosed. 

'  To  those  who  have  not  worked  at  direct  voltaic  stimulation  of  musde,  it 
may  seem  to  require  explanation  how  the  minimal  break  contraction  can  be 
observed  when  the  whole  musde  is  already  in  a  state  of  tetanus,  owing  to  tha 
passage  of  the  constant  current  through  its  own  substance.  The  explanation 
simply  is,  that  on  progressively  increasing  the  strength  of  the  euzrent,  althoug^i 
by  this  means  the  severity  of  the  tetanus  is  likewise  progressively  increased,  a 
point  is  at  last  reached  where,  upon  suddenly  breaking  the  current,  the  musde, 
just  before  relaxing,  gives  an  additional  contraction  superimposed  upon  its 
previous  tetanic  contraction.  This  is  what  I  call  the  minimal  break-contrac- 
tion. 
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modify,  to  some  extent^  the  irritability  of  the  muscle.  Hence, 
if  the  observations  on  minimal  make  (which  require  far  less 
strength  of  current)  were  to  be  made  hefore  those  on  minimal 
break,  it  is  obvious  that  the  comparison  of  relative  sensitiveness 
to  minimal  make  before  and  after  nerve-section  might  be  se- 
riously vitiated. 

It  is  not  of  so  much  consequence  which  of  the  two  minimal 
makes  is  first  determined ;  but  I  have  placed  them  in  the  above 
order  for  the  sake  of  alluding  to  an  important  consideration 
which  must  never  be  lost  sight  of  while  conducting  any  obser- 
vations on  minimal  stimulation.  The  consideration  to  which  I 
refer  involves  the  fact,  that  nerve  and  muscle  become  rapidly 
less  and  less  sensitive  to  electrical  stimulation,  if  this  be  sup- 
plied successively  in  the  same  direction.  In  all  experiments^ 
therefore,  on  minimal  voltaic  stimulation,  it  is  of  the  first  im- 
portance frequeutly  to  refresh  the  tissue  by  passing  the  current 
in  a  direction  the  reverse  of  that  whose  minimal  stimulus  we 
wish  to  ascertain.  In  the  particular  case  now  before  us,  the 
best  method  to  adopt  for  determining  the  minimal  ascending 
and  the  minimal  descending  make,  is  to  reverse  the  current  at 
each  observation,  and  so,  with  the  appropriate  shifting  of  the 
mercury  cups  at  each  stimulation,  to  determine  both  the  mini;- 
mal  makes  simultaneously. 

It  will  have  been  observed  that  as  yet  I  have  said  nothing 
about  the  minimal  ascending  break.  The  reason  why  I  have' 
omitted  this  phase,  is  because  the  strength  of  current  required 
for  its  development  is  usually  so  great,  that  the  amount  of 
tetanus  set  up  in  the  muscle  in  order  to  procure  it  is  apt  to 
endanger  the  rest  of  the  experiment  by  unduly  exhausting  the 
muscle \  The  method,  therefore,  which  I  usually  adopted  in 
this  case  was  to  observe,  in  a  number  of  muscles,  the  effects'  of 

^  I  may  as  well  staid  here  that  the  fact  of  such  severe  tetanus  being 
required  to  obtain  this  minimal,  renders  it  impossible  to  be  quite  sore  as  to  the 
point  at  which  the  response  to  the  ascending  break  first  occurs.  As  the  muscle 
is  already  in  a  state  of  yiolent  contraction,  owing  to  the  passage  of  a  strong  gal> 
vanic  current  through  its  substance,  it  is  probably  excited  by  the  breaking  of  the 
current  before  the  latter  is  strong  enough  to  cause  the  contraction  consequent 
on  the  breaking  excitation  to  assert  itself  perceptibly  over  the  previously  exist- 
ing tetanic  contraction.  Of  course  this  is  a  source  of  error  which  it  is  impos- 
sible to  avoid,  and  as  aJl  my  estimations  of  this  minimal  were  made,  as  they 
only  could  be  made,  by  noting  the  point  at  which  the  ascending  break>contrac- 
tion  first  became  perceptible,  it  is  probable  that  in  the  subjoined  table  this 
minimal  is  stated  at  somewhat  below  its  true  value. 
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nervensection  on  the  mininiftl  ascending  break  alone,  and  Uien 
to  take  an  average  of  all  the  results.  This  method  I  also  em- 
ployed in  the  case  of  the  minimal  descending  break,  and  in 
both  the  minimal  makes.  The  following  are  the  mean  lesultB 
yielded  by  a  large  number  of  experiments  conducted  according 
to  both  methods.  I  think,  therefore,  that  these  results  may  be 
regarded  as  trustworthy  in  the  main,  although  it  would  doubt- 
less be  difficulty  or  impossible,  to  find  any  one  muscle  that 
would  precisely  correspond  with  all  the  degrees  of  ezcitabilily 
here  given.  Indeed,  it  is  probable  that  in  the  case  of  any  given 
muscle  the  correspondence  would  not  even  be  approximate  over 
all  the  phases ;  for  different  muscles  manifest  great  variations 
in  their  relative  excitability  towards  the  eight  cases  of  stimula- 
tion here  quoted 


DefO«nding  Make. 

Asoending  Make. 

Deaoending  Break. 

ABoending  Break. 

Before 
catting. 

After 
outting. 

Before 
eatting. 

After 
eattijQg. 

Before 
eatting. 

After 
cutting. 

Before 
catting. 

After 
cutting 

24 

27 

36 

46 

2 

32 

1 

ij 

With  regard  to  this  table  it  is  necessary  to  explain,  that 
by  the  word  '' cutting''  is  meant  section  of  Ihe  gastrocnemius 
through  its  entire  substance  at  its  extreme  femoral  end,  and 
that  the  numbers  express  the  relative  degrees  of  sensitiveness 
which  the  muscle  exhibits,  both  before  and  after  cutting,  to- 
wards the  stimuli  which  are  indicated  above  them\ 


^  These  munbers  are  thos  obtained :-— Sappose  A  (see  Fig.)  to  be  a  batto^,  B 
a  set  of  reeistanoe  coils,  C  a  rheoohord,  D  a  commntator,  and  E  the  mosde.  By 
removing  a  plug  from  B  the  resistance  is  increased,  and  therefore  the  corrent 
throngh  B  is  diminished.  Bat  the  effect  of  removing  a  jdog  from  {?»  althoog^ 
likewise  that  of  increasing  the  resistance  throaf^  the  whole  dzeait,  is  to  oti^- 
tMnt  the  cairent  passing  throogh  £.  For,  preyioas  to  removal  of  a  plog  from 
C,  the  caxxent  branched  at  x,  uid  the  resistance  in  E  being  high  as  compared 
with  that  in  C,  the  principal  part  of  the  carrent  takes  the  coarse  «,  y,  O,  A, 
Bat  if  a  plog  be  removed  from  C,  the  resistance  in  C  is  increased,  and  a  propor- 
tional amoant  of  the  carrent  takes  the  direction  9,  z^  E,  A,  Hence  the  dfeet  of 
removing  a  plog  from  B  is  that  of  diminishing  the  carrent  in  E,  while  the 
opposite  resalt  is  effected  by  removing  a  plag  from  C 

Such  being  the  apparatus,  in  all  my  experiments  I  began  by  removing  a 
certain  number  of  plugs  from  B,  and  keeping  these  plugs  out  daring  the  whole 
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la  order  to  render  more  readily  appreciable  these  remark- 
able effects  of  cnttbg  a  nerve,  I  append  to  this  paper  a  dingram 
vhicdt  ia  intended  to  represent,  in  a  graphic  form,  the  numerical 
relations  set  forth  in  the  above  table.  With  reference  to  this 
diagiaia  it  vill  only  be  neoeasaiy  to  explain,  that  in  all  the 
couplets  the  left-hand  vertical  line  represents  the  d^ree  (^ 
sendtiveDees  <^  the  muscle  to  the  ezdtation  indicated  before 
cutting,  while  the  tigfat-band  vertical  line  of  each  coaplet  repre^ 
aents  the  d^^ee  of  sensitiveness  of  the  muscle  to  the  aiune 
stimulus  i^ier  cutting.  As  in  the  table,  so  in  the  diagram,  all 
the  proportions  are  referred  to  the  ascending  Inreak  as  to  a 
unit — this  being  the  stimulus  to  whidi  the  muscle  is  least 
aenmtive,  and  for  which,  therefore,  the  strongest  current  is 
required  in  order  to  elicit  a  contraction. 

With  r^ard  to  these  results  I  may  offer  the  following 
ohaervatioDa.    In  the  first  place,  it  is  evident  that  the  increase 


Tta  leqnbtte  variations  Sa  the  Intensit;  of  the  ttimnU  were  of 
•OOTM  eSeatad  I7  the  rheoehord  C,  Now  the  nnmbera  in  the  &boTe  table  are 
obtained  Yn  «  veir  simple  oBlcalstion,  Snppoee,  for  mstance,  that  the  nuDimai 
aaoending  oreak-oontTMtion  reqmrei  18  oluna  redatanoe  to  be  throvu  into  the 
rbeoofaMd,  while  the  minimal  awendlng  make  onl;  reqoires  -S  to  be  Ihrowo 
in ;  (hen  the  relative  senritiveneBs  of  the  mnnele  to  the  aBcending  break  and 
miikm  would  be  ^tproiimatelT  represented  by  the  nnmbert  1 :  3C, 
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at  excitability  ahowa  by  the  mascle  after  being  cut  is  affected 
to  an  extraordinaiy  extent  by  the  ^rtcHon  of  the  current ;  and 
further,  that  the  manner  in  which  it  is  bo  affected  is  very 
ioetractive  when  considered  in  relation  to  the  known  fitcts  of 
electrotonus.  For,  just  as  before  cutting,  the  normal  sensi- 
tiveness of  the  muscle  is  greatest  to  the  making  exdtatioa 
when  its  femoral  end  for  nerve-trunk)  rests  on  the  kathode, 
and  most  sensitive  to  the  breaking  stimulua  when  this  end 
rests  on  the  anode ;  en,  after  the  general  seuRtiveness  of  the 
nerve  has  been  exalted  by  section,  the  exaltation  shows  itseff  in 
a  far  higher  degree  to  the  making  stimulus  when  the  femoral 
end  of  the  muscle  (or  severed  nerve-bunk)  rests  on  the  kathode, 
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and  to  the  breaking  stimulus  wben  this  end  rests  on  the  anode. 
Thus  it  is  that  the  curves  in  figs.  2  and  3  are  so  much 
steeper  than  those  in  figs.  1  and  4.  The  only  fact,  then,  that 
does  not  seem  to  admit  of  any  very  satisfactory  explanation,  is 
the  altogether  disproportionate  increase  of  excitability  which  the 
muscle  after  cutting  exhibits  to  the  descending  break  (fig.  3)  as 
compared  with  the  ascending  make  (fig.  2) ;  for  it  might  be 
expected,  A  priori,  that  the  increase  of  excitability  due  to  nerve^ 
section  ought  at  any  rate  to  be  proportional  in  the  case  of  these 
two  stimuli — ^if  not  that  the  increase  of  sensitiveness  to  the 
kathodic  make  should  be  greater  than  that  to  the  anodic  break, 
seeing  that  prior  to  section  the  normal  sensitiveness  of  the 
muscle  was  much  greater  in  relation  to  the  former  than  in 
relation  to  the  latter  stimulus.  As  the  facts,  however,  so  con- 
spicuously negative  any  such  anticipation,  1  shall  devote  the 
next  section  to  a  further  consideration  of  them. 

§  3*  Dr  Burdon-Sanderson  suggested,  that  if  we  suppose 
the  breaking  stimulus  to  be  of  a  more  imta/rUaneous  nature 
than  the  making  one,  the  facts  in  question  might  admit  of  a 
probable  explanation;  because  in  this  case  the  breaking  stimulus 
would  bear  more  resemblance  to  the  induction  shock  than 
would  the  making  stimulus,  and  as  it  is  well  known  how  sen- 
sitive nerve  is  to  the  induction  shock,  we  might  reasonably 
conclude  that  when  the  sensitiveness  of  a  nerve  is  increased  by 
section,  it  would  probably  become  more  than  proportionably 
increased  to  the  more  sudden  stimulus.  In  order  to  test  the 
correctness  of  this  hypothesis,  Dr  Sanderson  further  suggested 
that  the  period  of  the  muscle's  latent  stimulation  should  be 
taken  both  before  and  after  section,  and  also  that  the  following 
experiment  should  be  tried*  By  means  of  an  appropriate  appa* 
ratus,  the  uncut  muscle  was  to  have  supplied  to  it  a  voltaic 
stimulus  of  measured  duration,  and  this  duration  was  to  be 
graduated  down  to  the  point  at  which  the  break  of  the  current 
succeeded  the  make  with  a  rapidity  just  sufficiently  great  to 
prevent  the  muscle  from  responding  to  either  stimulus.  The 
strength  of  the  current  remaining  unaltered,  the  nerve  was 
then  to  be  cut  through  at  the  usual  place ;  and,  lastly,  it  was 
to  be  observed  whether  or  not  the  muscle  was  thus  rendered 
more  sensitive  to  stimuli  of  short  duration.     The  results  of 
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these  suggestiong  promise  to  be  highly  interesting ;  but  as  yet 
they  have  not  been  fully  worked  out.  So  &x,  however,  as  this 
branch  of  the  enquiry  has  been  pursued,  these  results  are  as 
follow. 

Section  of  the  nerve — either  just  aboye  the  knee,  or  imme- 
diately after  it  enters  the  gastrocnemius — ia  in  all  cases  attended 
with  a  marked  increase  of  exdtability  towards  voltaic  stimuli 
of  short  duration.  In  other  words,  after  lieiVe-sectioa  the 
muscle  responds  to  stimuli  of  much  shorter  duration  tiian  those 
which  were  required  to  cause  responses  before  nerve-section* 
As  yet  no  exact  quantitative  estimations  of  this  effect  have 
been  procured ;  but  this  will  be  done  as  soon  as  opportunity 
permits.  Meanwhile,  then,  it  must  be  enough  to  say,  in  general 
terms,  that  the  e£fect  in  question  is  surprisingly  greats  At  firsts 
therefore,  it  seemed  that  this  experiment  was  confirmatory  of 
the  hypothesis  which  it  was  designed  to  test:  it  seemed  as 
though  the  increased  sensitiveness  after  cutting  to  stimuli  of 
short  duration,  coincided  exactly  with  the  expectation  r^^arding 
the  behaviour  of  mutilated  muscle  towards  the  breaking  stimu- 
lus. Very  soon,  however,  I  observed  that  the  increased  sensi- 
tiveness to  stimuli  of  short  duration  was  only  manifested  when 
the  femoral,  or  cut  end,  of  the  muscle  rested  on  the  kathode, 
while  it  was  scarcely,  if  at  all,  apparent  when  this  end  rested 
on  the  anode.  This  fact,  of  course,  led  me  to  infer  tliat  the 
augmented  excitability  in  question  had  reference  to  the  closing 
and  not  to  the  opening  .excitation.  Accordingly  I  fitted  up  an 
appropriate  arrangement  of  wires  and  keys,  by  which  I  could  at 
pleasure  throw  in  ordinary  closing  and  opening  stimuli,  or  the 
rapidly  succeeding  closing  and  opening  stimuli  of  short  dura- 
tion \    In  this  way  it  was  easy,  by  comparing  in  the  two  cases 

1  The  entire  apparatas  now  oonsisted  of  the  foUowing  parts.  The  duatien 
of  the  stim^uB  was  giadnated  by  means  of  a  heayy  pendmiun,  which  constitated 
one  pole  of  the  battery,  and  which  while  swinging  made  contact,  at  the  lowest 
pofait  in  its  azc,  with  tiie  other  pole.  This  pendiUmn  conld  therefore  be  made 
to  supply  a  stimulus  of  any  required  duration  to  a  muscle  intezpoeed  in  the 
circuit.  For  the  only  conditions  required  were  to  keep  the  point9  at  which  the 
two  poles  came  in  contact  of  uniform  size,  and  to  graduate  the  duration  of  con- 
tact by  increasing  or  diminishing  the  distance  through  which  the  pendulum,  or 
moying  pole,  was  allowed  to  swing.  The  pendulum  was  provided  with  a  smoked 
plate,  on  which  a  leyer  from  the  muade  wrote  while  the  plate  was  swinging 
past.  By  putting  the  key  down  and  letting  the  pendulum  swing,  a  stimulus  ol 
measured  duration  could  be  supplied  to  the  muscle,  while  by  holding  the  move^ 
Me  pole,  or  pendulum,  in  contact  with  the  fixed  pole,  and  then  closing  or 
bpening  tiie  key,  ordinary  stimuli  could  be  supplied  to  the  muscle* 
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the  nature  of  the  contraction  (which  in  almost  every  muscle 
presents  some  idiosyncric  difference  on  make  and  break),  to 
obtain  optical  proof  that  my  inference  was  correct  When  the 
femoral  or  cut  end  of  the  muscle  rested  on  the  kathode,  and 
when,  as  was  usual  under  these  circumstances^  the  muscle  after 
cutting  responded  to  stimuli  of  shorter  duration  than  were 
required  to  elicit  responsive  contractions  before  cutting,  I  could 
plainly  see  that  the  contractions  given  in  response  to  stimuli  of 
short  duration  were  always  precisely  similar  to  those  which  the 
muscle  gave  when  stimulated  by  closing  the  circuit  with  the 
ordinary  key.  On  the  other  hand,  the  nature  of  the  contrac- 
tions upon  opening  the  circuit  with  this  key  was  always 
markedly  different.  Therefore,  it  is  impossible  to  doubt  that 
in  the  experiment  with  brief  stimulation — i,e.  with  rapidly  suc- 
ceeding make  and  break — ^the  increased  excitability  of  the  muscle 
after  section  of  its  nerve  has  reference,  not  to  the  opening,  but 
to  the  closing  shock. 

These  facts  are,  I  think,  of  considerable  interest  in  them- 
selves ;  but  they  fail  to  answer  the  question  originally  before 
us,  viz.,  Why  does  section  of  a  nerve  produce  so  disproportion-** 
ate  an  effect  on  its  sensitiveness  to  the  excitation  supplied  by  the 
descending  break  ?  Nor  have  I  any  satisfactory  answer  to  give 
to  this  question,  unless  the  following  consideration  may  be 
deemed  so.  Before  section  of  the  sciatic  nerve,  the  gastro- 
cnemius muscle,  as  may  be  seen  by  a  glance  at  the  diagram,  is 
always  immensely  more  sensitive  to  make  than  to  break  of  the 
current  Consequently,  when  the  sensitiveness  of  the  nerve  is 
increased  by  section,  the  increase  has  not  so  much  room  (so  to 
speak)  for  its  occurrence  in  the  one  case  as  in  the  other.  For, 
in  the  uncut  muscle,  the  minimal  break  contraction  only  takes 
place  when  the  intensity  of  the  current  is  somewhere  from  ten 
to  twenty  times  as  great  as  that  which  is  sufficient  to  evoke  the 
minimal  make  contraction.  Hence  the  minimal  make  con- 
traction before  injury  occurs  at  a  point  so  much  nearer  to  zero 
of  the  current's  intensity  than  does  the  minimal  break  con- 
traction before  injuiy,  that  when  both  these  minimals  are 
reduced  still  further  by  the  injury,  the  latter  minimal  has  a 
much  wider  range  through  which  it  is  free  to  fall  than  has  the 
former.    Of  course  this  fact  need  not  prevent  the  lesser  fall 
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from  being  numerically  proportionial  to  the  greater  one,  how- 
ever minute  the  observed  differences  may  thus  require  to  be. 
The  question,  however,  is  as  to  how  far  a  strictly  numerical 
proportion  is  in  this  case  a  fair  one.  I  think  we  must  certainly 
hold  that  the  value,  as  a  stimulus  of  any  given  increment  of 
current,  is  determined  by  the  proportion  which  such  increment 
bears  to  the  intensity  of  current  that  is  required  to  produce 
adequate  stimulation.  In  other  words,  we  must  suppose  that 
any  given  unit  of  electrical  intensity  has  more  influence  as  an 
excitant  if  added  to  a  current  of  a  small  number  of  units — a 
weak  current, — than  if  added  to  a  current  of  a  large  number  of 
imits--^a  strong  current ;  supposing  in  both  cases  that  the  original 
current  is  strong  enough  to  cause  adequate  stimulation.  But  if 
this  is  so,  it  follows  that  subtraction  of  a  unit  from  a  strong 
current  must  have  less  effect  than  subtraction  of  the  same  unit 
from  a  weak  current.  Now,  when  the  general  excitability  of 
the  muscle  is  raised  by  section,  the  effect  is  that  the  muscle  is 
able,  both  in  the  case  of  the  ascending  make  and  in  that  of  the 
descending  break,  to  afford  (as  it  were)  to  part  with  some  units 
of  the  stimulating  influence  which  were  previously  required  to 
cause  adequate  stimulation.  But,  as  the  sum  of  such  units 
which  are  present  before  cutting  are  much  less  numerous  in  the 
case  of  the  make  than  in  that  of  the  break,  in  the  case  of  the 
make  each  unit  must  be  of  a  correspondingly  greater  value  as  a 
stimulant.  Consequently,  when  both  the  minimals  are  reduced 
by  cutting,  the  minimal  make  is  not  able  to  draw  upon,  and  so 
cannot  part  with,  so  many  units  as  can  the  minimal  break. 
Hence  the  reduction  in  question  may  take  place  in  a  strictly 
proportional  manner;  only,  if  the  proportion  has. reference  to 
the  value  of  ike  electrical  units  a^  stimuiants,  it  follows,  from 
what  has  been  said,  that  there  will  probably  be  no  numerictU 
equality  between  the  two. ratios. 

In  favour  of  this  explanation,  it  is  to  be  remembered  that, 
as  already  stated,  nerve-section  produces  much  more  than  a 
proportional  effect  in  the  case  of  the  ascending  make  as  com- 
pared with  that  of  the  descending  break,  in  respect  of  increasing 
the  excitability  of  the  muscle  to  stimuli  of  short  duration.  In 
other  words,  by  this  mode  of  stimulation  all  the  above  relations 
are  inverted.     It  is  as  though  the  comparatively  small  number 
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ef  units  of  electricdl  intensity  by  which  the  minimal  niake  is 
diminished  through  nerve-section,  represents  a  great  actual 
increase  of  excitability  when  this  ia  estimated  by  some  other 
method;  or,  to  turn  to  the  diagram,  it  seems  as  though  the 
small  distance  through  which  the  curve  in  fig.  2  passes,  as 
compared  with  the  curve  in  fig.  3,  really  represents  an  increase 
of  excitability  much  more  important  than  the  curve  expresses : 
it  seems  as  though  it  is  just  because  the  difficulty  of  ascending 
(so  to  speak)  increases  in  so  rapid  a  ratio  as  the  curves  ap- 
proach the  zero  level  of  the  current's  intensity,  that  the  steep 
curve  of  the  descending  break  terminates  at,  or  below,  the 
point  at  which  the  much  less  steep  curve  of  the  ascending 
make  begins.  This  appears  to  be  so,  because,  on  testing  the 
increase  of  excitability  by  means  of  stimuli  of  short  duration,  it 
is  found  that  the  relatively  flat  curve  in  fig.  2  represents  what 
would  doubtless  be  a  relatively  steep  curve,  if  it  were  possible 
to  institute  the  numerical  comparisons  in  the  case  of  stimuli  of 
minimal  duration,  as  it  is  possible  to  do  so  in  the  case  of  stimuli 
of  minimal  intensity  ^ 

Perhaps  it  may  here  be  objected  to  this  explanation,  that 
neither  the  excitability  to  the  descending  make  (fig.  1),  nor  that 
to  the  ascending  break  (fig.  4) — ^the  representative  lines  of 
which  are  both  low  before  nerve-section,  and  so  have  plenty  of 
room  to  rise,  after  nerve-section — correspond  in  any  degree,  in 
the  respects  we  are  considering,  with  the  excitability  to  the 
descending  break  (fig.  3).  It  appears  to  me,  however,  that  this 
objection  admits  of  being  readily  overcome  by  the  very  inter- 
esting and  instructive  consideration  previously  stated.  This 
consideration,  it  will  be  remembered,  is  as  follows.  Out  of  the 
four  cases  represented  in  the  diagram,  the  two  in  which  aug« 

1  Unfortimately  it  is  not  possible  to  do  this  with  exactness,  from  the  fact 
that  in  this  mode  of  stimulation  make  and  break  must  always  necessarily  follow 
one  another  much  too  rapidly  to  admit  of  the  making  effect  being  eliminated 
from  the  breaking  one.  Approximately,  however,  the  desired  comparison  may 
be  instituted  thns  : — ^First  obseiring  tibe  minimal  duration  required  to  produce 
adequate  stimulation  (a)  with  the  uncut  femoral  end  of  the  gastrocnemius  on  the 
kathode,  and  (b)  the  uncut  femoral  end  on  the  anode :  and  next,  (a)  the  cut 
femoral  end  on  the  kathode,  and  (&)  the  out  femoral  end  on  the  anode.  By 
now  comparing  a  with  a,  a  with  b,  and  b  with  6,  it  would  be  possible  to  obtain 
for  responses  to  stimuli  of  TwiniiwAl  duration  representative  curves,  such  as  those 
in  the  diagram  which  Ittve  reference  to  responses  to  stimuli  of  minimal  inten- 
sity. Such  approximate  estimations  I  hope  to  make  as  soon  as  opportunity 
permits. 
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mentation  of  excitability  aJEter  nerye-section  occurs  in  an  ap- 
parently undue  ratio,  are  the  two  in  which,  according  to  the 
theory  of  electrotonus,  we  should  expect  it  to  occur,  if  it  occurs 
at  alL  For,  in  the  case  of  the  ascending  make  (fig.  2),  the 
femoral  end  of  the  gastrocnemius  is  suddenly  thrown  into 
kathelectrotonus,  while  in  the  case  of  the  descending  break 
(fig.  3)  this  end  is  9&  suddenly  thrown  into  anelectrotonus. 
Consequently,  when  the  nerve-trunk,  as  it  enters  the  gastro- 
cnemius at  this  end,  is  suddenly  rendered  abnormally  excitable 
by  section,  it  manifests  its  increased  excitability  by  responding^ 
far  more  readily  than  it  did  before  to  the  appearance  of  kath- 
electrotonus (fig.  2),  and  to  the  disappearance  of  anelectrotonus 
(fig.  3) ;  while,  conversely,  there  is  scarcely  any  change  to  be 
perceived  in  its  behaviour  towards  the  appearance  of  anelec- 
trotonus (fig.  1),  or  towards  the  disappearance  of  kathelectroto* 
nus  (fig.  4). 

Whether  or  not»  therefore,  the  explanation  I  have  suggested 
to  account  for  the  absence  of  numerical  proportion  between  the 
heights  of  the  corresponding  lines  in  figs.  2  and  3  be  deemed 
satisfiEictory,  I  think  there  can  be  no  question  concerning  the 
significance  I  here  assign  to  the  curves  in  figs.  1  and  4  being  so 
much  less  steep  than  those  in  figs.  2  and  3. 

For  the  sake  of  clearness,  I  will  now  very  briefly  sum  up  the 
results  so  far  as  they  have  as  yet  been  described.  Although 
there  are  considerable  deviations  irom  the  rule,  the  gastro- 
cnemius muscle,  when  its  nerve  is  uninjured,  is  upon  the  whole 
most  sensitive  to  closure  of  the  current  when  its  femoral  end, 
or  nerve-trunk,  rests  on  the  kathode,  and  most  sensitive  to 
opening  of  the  current  when  this  end  rests  on  the  anode. 
Similarly,  after  the  general  sensitiveness  has  been  exalted  by 
nerve-section,  the  exaltation  shows  itself  most  towards  the 
closing  stimidus  when  the  femoral  end,  or  severed  nerve-trunk, 
rests  on  the  kathode,  and  towards  the  opening  stimulus  when 
this  end  rests  on  the  anode.  Thus  far  the  &cts  agree  with  the 
theory  of  electrotonus.  The  increase  of  excitability  towards  the 
opening  anodic  stimulus,  however,  is  out  of  all  proportion 
greater  than  that  towards  the  closing  kathodic  stimulus ;  and 
I  have  sought  to  account  for  this  fiaet  by  the  following  con- 
sideration.    As  the  excitability  of  the  muscle  before  neire- 
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Bection  is  usually  much  greater  towards  the  kathodic  make  than 
it  is  towards  the  anodic  break,  after  the  general  excitability  is 
increased  by  nerve-section,  the  increase  is  probably  better  able 
to  assert  itself  towards  the  latter  than  towards  the  former 
stimulus.  For,  as  before  nerve-section  tbe  minimal  kathodic 
make  occurs  so  much  nearer  to  zero  of  the  current's  intensity 
than  does  the  minimal  anodic  break,  after  nerve-section  every 
unit  of  electrical  intensity  through  which  the  minimal  make  is 
reduced  must  have  previously  been  of  much  more  value  as  a 
stimulant  than  any  of  the  units  of  electrical  intensity  through 
which  the  minimal  break  is  reduced.  Thus  it  is  that  although 
the  figures  36  :  46  ::  2  :  32  do  not  express  any  numerical 
proportion,  they  may  yet  express  a  recU  proportion,  if  we  have 
r^ard,  not  to  the  numerical  value  of  the  corresponding  elec- 
trical units,  but  to  tbe  value  of  these  units  as  stimulants. 

This  explanation  is  borne  out  by  the  fact,  that  when  we 
graduate  the  severity  of  the  stimulus,  not  by  varying  its  inten- 
sitt/,  but  by  varying  its  duration^  we  find,  not  only  that  the 
above  numerical  disproportion  is  abolished,  but  even  that  its 
terms  are,  in  some  unknown  degree,  reversed.  That  is  to  say, 
when  we  employ  a  mode  of  excitation  towards  which  the  nor- 
mal excitability  of  the  tissue  exhibits  a  greater  equfdity  with 
regard  to  the  kathodic  make  and  anodic  break-stimulations,  we 
thus  perceive  that  the  ainormal  elevaiian  of  excitability  due  to 
nerve-section  is  manifested  in  a  higher  degree  towards  the 
kathodic  make  tiian  it  is  towards  the  anodic  break. 

§  4.  To  the  above  exposition  I  must  add  a  few  words  with 
reference  to  a  sotnewhat  obscure  &ct,  and  one  which  at  first 
led  me  to  doubt  how  far  the  above  described  effSects  of  cutting 
the  gastrocnemius  were  to  be  attributed  to  the  stimulating 
Influence  of  the  operation  upon  the  nerve,  and  how  far  to  a 
possibly  similar  influence  upon  the  muscle.  The  fact  in  question 
is,  that  if  a  frog  be  sufficiently  curarized  to  render  its  gastro- 
cnemius irresponsive  to  faradaic  electricity  applied  at  any  part 
of  the  sciatic  nerve,  and  if  the  gastrocnemius  be  then  removed 
and  one  or  more  incisions  made  in  its  own  substance,  it  some- 
times, though  seldom,  happens  that  the  abnormal  excitability 
towards  break  of  the  current  becomes  developed.  Further,  if  a 
sartorius  muscle,  however  deeply  curarized;  be  cut  in  a  transverse 


72?  MR  ROMANES. 

direction  through  one  quarter  or  one  half  of  its  width,  it  may 
usually  be  observed  that  the  effect  of  introducing  the  cut  is  to 
develop  the  breaking  effect  in  the  neighbourhood  of  the  cut. 
In  view  of  these  facts,  therefore^  the  question  arose  as  to 
whether  the  results  detailed  in  the  last  section  might  not  be 
due  to  an  increase  in  the  excitability  (due  to  cutting)  of  the 
muscular,  as  distinguished  from  the  nervous,  element  of  the 
uncurarized  gastrocnemius.  I  therefore  made  the  following 
experiments  with  the  view  of  settling  this  question. 

(a)   Having  carefully  dissected  out  the  whole  length  of  the 
sciatic  nerve,  I  supported  it  with  a  glass  rod,  while  I  placed  the 
attached  gastrocnemius  on  the  electrodes  as  usuaL     Having 
next  ascertained  the  minimal  makes  and  descending  break,  I 
severed  the  sciatic  nerve  just  at  the  point  where  it  enters  the 
gastrocnemius.    Although  the  gastrocnemius  itself  was  thus  in 
no  way  injured,  the  characteristic  effects  of  cutting  were  as  well 
developed  as  when  in  the  previous  experiments  the  nerve  had 
been  severed  after  its  entry  into  the  muscle.    As  it  thus  be- 
came interesting  to  ascertain  how  far  away  from  the  seat  of 
injury  the  characteristic  effects  of  cutting  first  become  de- 
veloped, I  tried,  in  several  nerve-muscle  preparations,  suco^- 
sively  snipping  the  sciatic  nerve  from  above  downwards^  alter- 
nating each  snip  of  the  nerve  with  a  minimal  stimulation  of 
the  muscle.    In  this  way  I  found  that  the  earliest  indications 
of  increasing  excitability  of  the  muscle  (as  shown  by  the  altera- 
tions in  the  descending  break-contraction)  usually  occurred 
when  the  snipping  reached  to  within  two-thirds  or  one-half  the 
length  of  the  femoral  portion  of  the  sciatic.    From  this  point 
downwards  the  excitability  of  the  muscle  increased  with  every 
fresh  cutting  of  the  nerve. 

(b)  In  a  nerve-musde  preparation  set  up  as  just  described 
in  paragraph  (a),  stimulating  the  attached  nerve  with  acids, 
.alkalies,  glycerine,  etc.  has  the  same  kind  of  effects  on  the 

excitability  of  the  muscle  as  cutting* 

(c)  Warming  the  sciatic  nerve  is  attended  with  similar 
.  results. 

(d)  Passing  a  strong  descending  current  through  the  sciatic 
nerve,  so  as  tQ  throw  the  part  nearest  the  gastrocnemius  into 
kathclectrotohus,  has  a  very  well  marked  effect  of  the  same 
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kind ;  while,  conversely,  throwing  the  same  part  of  the  sciatic 
into  anelectrotonus  has  the  opposite  effect:  that  is  to  say,  when 
the  sciatic  is  in  kathelectrotonus,  the  descending  break  con- 
traction in  the  gastrocnemius  can  be  obtained  with  a  con- 
siderably less  powerful  current  than  is  required  to  obtain  this 
response  when  no  polarizing  current  is  passing  through  the 
nerre ;  while,  if  the  sciatic  is  in  anelectrotonus,  a  more  powerful 
current  is  required  to  obtain  the  descending  break  contraction 
in  the  muscle  than  when  the  nerve  is  in  the  normal  state.  The 
inhibiting  effect  of  anelectrotonus,  however,  is  not  so  pro- 
nounced as  is  the  converse  effect  of  kathelectrotonus. 

{e)  Severe  voltaic  tetanization  of  the  gastrocnemius — 
such  as  that  caused  by  a  Grove's  element — is  firequently  fol- 
lowed by  an  increase  of  sensitiveness  to  the  descending  break 
nearly  aa  remarkable  as  that  which  follows  cutting.  As  this 
effect  of  a  strong  voltaic  current  does  not  seem  to  occur  in 
curarized  muscles,  I  conclude  that  it  is  due  to  an  increase  in 
the  excitability  of  the  intra-muscular  nervous  elements  through 
injury  caused  by  the  strong  voltaic  current.  The  effect  in 
question  is  independent  of  the  direction  of  the  injuring  current, 
and  persists  for  a  considerable  time  after  this  current  has  been 
opened.  Soon  after  the  current  has  been  opened,  however,  there 
is  a  rapid  decline  in  the  sensitiveness  to  the  descending  break, 
after  which  this  decline  proceeds  in  a  more  gradual  manner.  All 
this  is  strikingly  similar  to  what  occurs  after  nerve-section. 

From  these  experiments,  then,  I  conclude  that  it  was  section 
of  the  nerve-trunk  in  the  uncurarized  gastrocnemius  which  in 
the  former  experiments  elevated  the  excitability  of  the  musdo. 
It  remains,  however,  to  explain  why  in  a  curarized  gastro- 
cnemius it  sometimes  happens  that  cutting  serves  to  develop  tho 
opening  contraction.  The  only  explanation  I  have  to  offer  is, 
that  in  these  somewhat  exceptional  cases,  the  poison,  for  some 
reason  or  other,  has  not  succeeded  in  completely  destroying  the 
function  of  the  intra-muscular  nervous  elements  \  As  regards 
the  more  usual  case  of  the  sartoiius  when  cut  in  the  manner 

1  Eiihne  infers,  from  hia  observations  on  the  onrarizod  sajiorins,  that  the 
poison  does  not,  except  in  colossal  dosoB  or  after  long-ooutinued  action,  entirely 
destroy  the  ultimate  intra-muscular  nervous  elements  {Arch,  f.  Anat,  v. 
Physiol.,  1860,  477).  If  there  is  any  truth  in  this  view,  it  would  help  to  explain 
the  above  fact. 

VOL.  X.  48 
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before  alluded  to,  I  think  that  the  explanation  is  probably  very 
simple,  viz.  that  a  transverse  incision  made  partly  across  this 
strap-shaped  muscle  causes  the  intensity  of  the  current  in  the 
remaining  parts  near  the  incision  to  be  considerably  increased  ; 
and  hence,  although  the  strength  of  the  current  remains  un- 
altered, these  parts  naturally  become  more  responsive,  both  to 
the  opening  and  to  the  closing  excitations,  than  they  were 
before.  That  in  any  case  the  effect  of  cutting  a  thoroughly 
curarized  sartorius  is  more  local  than  that  of  cutting  an  un- 
curarized  one,  is  not  only  in  most  cases  evident  to  the  eye,  but 
may  be  also  shown  by  the  following  experiment.  If  one  end 
of  an  uncurarized  sartorius  be  allowed  to  overlap  the  anode^ 
so  as  to  constitute  an  extra-polar  portion,  it  will  often  be  found 
that  on  cutting  off  this  portion,  the  excitability  of  all  the 
remaining  or  intra-polar  portion  of  the  muscle  to  the  breaking 
excitation  is  greatly  increased.  Yet  the  part  of  the  muscle 
removed  by  the  section  (the  extra-polar  part)  could  not  have 
previously  been  concerned  in  the  conduction  of  the  current ; 
so  that  the  density  of  the  latter  in  the  remaining,  or  intra-polar 
part,  must  have  been  the  same  before  and  after  removal  of  the 
extra-polar  part.  Now  I  have  never  been  able  to  obtain  this 
result  in  the  case  of  a  well  curarized  sartorius. 

§  5.  Another  method  which  I  employed  to  test  the  effects 
of  nerve-injury  on  excitability  was  one  which,  in  the  first 
instance,  I  fell  upon  accidentally.  It  consisted  in  joining  up 
the  non-polarizable  electrodes  with  a  continuous  bridge  of  clay 
made  perfectly  flat  on  its  upper  surface.  Care  being  taken  to 
keep  this  surface  uniformly  moist  with  saline  solution,  the  sciatic 
nerve  in  a  nerve-muscle  prepartion  was  laid  upon  it;  so  that 
where  the  current  passed  through  the  clay  bridge,  a  portion  of  it 
also  passed  through  the  sciatic  nerve,  thereby  stimulating  the 
attached  muscle.  The  advantage  of  this  method  consists  in  the 
facility  with  which  different  parts  of  the  nerve-length  may  be 
stimulated  to  the  exclusion  of  other  parts.  By  a  curious  coin- 
cidence, Prof.  Rutherford  appears  to  have  been  working  at  this 
subject  at  about  the  same  time  as  myself,  though  quite  inde- 
pendently of  me.  I  only  became  aware  of  this  fact  a  few  days 
before  sending  in  an  abstract  of  the  present  article  to  the  Royal 
Society,  by  observing  an  article  in  the  last  number  of  this 
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Journal  in  which  Prpf.  Rutherford  describes  his  methods  and 
results.  As  nearly  all  the  latter  agree  in  every  particular  with 
those  which  I  obtained,  I  am  now  relieved  from  the  necessity 
of  detailing  them.  It  is  desirable,  however,  to  note  that, 
viewed  in  the  light  of  my  other  experiments,  these  results,  if 
we  except  the  "  strong "  phase  of  Pfluger's  series,  amount  to 
this : — ^When  a  few  mm.  of  nerve-length,  including  the  extreme 
nerve-section,  rested  on  the  clay,  a  much  less  strength  of 
current  was  required  to  produce  the  breaking  contraction 
in  the  muscle  than  when  any  other  portion  of  the  nerve  of 
equal  length,  and  similar  angle  towards  the  current,  was 
allowed  to  rest  upon  the  clay.  Prof.  Rutherford  states  the  case 
thus  : — "  The  striking  fact,  however,  is  that  unthoiU  altering  the 
strength  of  the  current,  all  the  phenomena  of  Pfliigers  law 
could  be  obtained  by  transmitting  it  through  a  central,  middle, 
or  peripheral  portion  of  the  nerve,  at  one  time  in  an  ascending, 
at  another  time  in  a  descending  direction."  For  my  own  part 
I  did  not  satisfy  myself  with  regard  to  the  "  strong  "  phase  of 
Pfiiiger's  law,  and  am  therefore  very  glad  that  Prof  Rutherford 
has  been  able  to  make  a  positive  statement  upon  the  subject. 
Now,  as  in  the  descending  break  of  the  "strong"  phase  no 
contraction  occurs,  the  question  arises  as  to  why  nerve-section 
outside  of  muscle  should  diminish  the  excitability  of  the  nerve 
to  a  strong  descending  break  stimulus,  while  nerve-section 
near  or  inside  of  muscle  should,  as  we  have  seen,  so  greatly 
increase  the  excitability  of  the  nerve  towards  this  same  stimulus. 
We  have  here  an  interesting  question,  and  one  to  which  I  am 
not  as  yet  in  a  position  to  give  a  decisive  answer.  Further 
experiments  can  alone  supply  such  an  answer ;  but  meanwhile 
I  may  observe  that  I  think  it  will  probably  be  found  to  lie  in 
one  or  other  of  two  directions.  The  first  and  most  probable 
explanation  is  as  follows.  When  a  nerve  is  cut  at  a  distance 
from  muscle,  and  its  excitability  in  the  region  of  the  cut  is 
thereby  so  far  exalted  that  a  strength  of  current  which  pre- 
viously gave  the  phenomena  of  the  "moderate"  phase  of 
Pfluger's  series  now  gives  the  phenomena  of  the  "  strong " 
phase, — when  this  is  so,  the  anelectrotonic  influence  of  the 
positive  pole  at  the  central  part  of  the  nerve  must  be  much 
more  poAverful  in  the  case  of  the  descending  current  than  it 

48—2 
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was  before  the  excitability  of  the  nerve  had  been  raised  by 
cutting.  Consequently,  as  the  anodic  region  is  always  a  re^on 
of  low  conductivity,  the  stimulus  supplied  by  the  descending 
break  is  not  so  well  able  to  pass  on  to  the  muscle  when 
the  aneiectrotonus  of  the  central  end  of  the  nerve  is  severe 
(ie.  after  nerve-section),  as  it  was  when  the  aneiectrotonus  at 
that  end  was  not  so  severe  (t.e.  before  nerve-section).  Thus  far 
the  explanation  is  merely  an  application  of  the  ordinary  theory 
regarding  the  "strong"  phase  of  Pflxigers  law  to  the  case 
where,  in  Prof.  Rutherford's  statement,  the  "  strong  "  phase  may 
be  induced,  not  by  increasing  the  strength  of  the  current^  but 
by  approximating  the  previously  "  moderate  "  current  towards 
the  central  or  cut  end  of  the  nerve.  Now,  if  this  ordinaiy 
explanation  is  correct,  we  should  not  expect  it  to  apply  to  the 
case  of  stimulation  of  nerve  vrithin  muscle ;  for,  just  as  in  the 
opening  section  of  this  paper  it  was  pointed  out  that  the 
electrotonic  relations  involved  by  the  ascending  and  descending 
directions  of  a  current  through  a  nerve  oviside  of  muscle,  are 
abolished  when  the  current  passes  through  a  nerve  inside  of 
muscle;  so,  in  this  case,  it  is  evident  that  when  the  anode 
itself  directly  supports  the  cut  end  of  the  nerve-trunk  within 
the  muscle,  it  is  a  matter  of  comparatively  little  consequence 
that  the  anelectrotonic  area  of  the  nerve  is  in  a  condition  of 
low  conductivity.  For,  as  this  area  is  actually  within  the  sub- 
stance of  the  muscle,  there  is  but  little  call  made  upon  its 
conducting  function  for  purposes  of  stimulation ;  and  therefore 
all  the  effects  of  the  disappearance  of  aneiectrotonus  are  asserted 
directly  upon  the  contractile,  or  recording,  substance  of  the 
muscla 

The  other  possible  explanation  to  which  I  have  referred 
is  that  which  would  suppose  the  end-plates  of  the  nerve  within 
muscle  to  be  endowed  with  somewhat  different  properties  with 
regard  to  electrical  stimuli  from  those  of  a  nerve-trunk.  In 
favour  of  this  explanation  it  is  to  be  said,  that  as  nerve-sectioD 
produces  so  extraordinary  an  increase  of  excitability  with  refer- 
ence to  the  anodic  break  in  the  case  of  direct  stimulation  of 
muscle,  it  seems  unlikely  that  the  obliterating  influence  of 
aneiectrotonus  on  conductivity  should  be  sufficiently  great  to 
prevent  the  slightest  response  on  the  part  of  the  muscle  to  the 
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anodic  break  stimulus  when  this  is  applied  at  the  cut  extremity 
of  a  nerve  outside  of  muscle.  But,  as  I  said  before,  this  matter 
awaits  investigation  \ 

It  may  be  worth  while  to  state,  as  shewing  the  astonishing 
excitability  of  the  extreme  nerve-section,  that  if  the  nerve, 
while  hanging  in  a  vertical  direction  over  the  flat  surface  of 
the  clay  bridge,  be  lowered  until  the  section  just  touches  the 
flat  sur&ce  of  the  clay,  it  may  frequently  be  observed  that  the 
attached  muscle  responds  to  make  and  to  break  of  the  current. 
Tet  this  must  be  a  case  of  almost  complete  transverse  stimula- 
tion ;  for,  thinking  that  there  might  possibly  be  some  passage 
of  the  current  from  the  clay  into  the  nerve  in  a  semi-lenticular 
form,  I  tried  a  number  of  times  the  effect  of  ligaturing  a  nerve 
with  a  fine  human  hair,  then  with  a  fine  pair  of  scissors  making 
a  transverse  section  as  close  beneath  the  ligature  as  possible, 
and  lastly,  lowering  the  nerve-section  on  the  clay  as  before. 
In  no  one  case,  however,  did  I  succeed  in  obtaining  any  results 
similar  to  those  which  I  obtained  with  unligatured  nerves. 
It  may  be  stated  that  in  all  these  experiments  with  the  clay 
bridge,  I  graduated  the  amount  of  nerve-length  to  be  laid  on 
it  by  means  of  a  horizontal  glass  rod  firmly  fixed  to  the  tube  of  a 
microscope.  The  free  end  of  the  rod  was  pointed,  and  usually 
passed  between  the  tendon  Achilles  and  t|ie  tibia,  the  latter 
having  been  previously  divided  at  the  knee.  The  sciatic  nerve 
was  thus  allowed  to  depend  in  a  vertical  direction,  atid  could 
be  very  accurately  adjusted  upon  the  clay  bridge  by  means  of 
the  rack-work  which  moved  the  tube  of  the  microscope. 

§  6.  I  shall  now  proceed  to  draw  attention  to  a  very 
interesting  phenomenon  which  is  occasionally  presented  by  un- 
curarized  muscle  when  subjected  to  the  influence  of  the  constant 
current.  As  already  stated,  when  a  muscle — ^whether  curarized 
or  not — is  stimulated  by  the  passage  of  a  constant  current 
through  its  own  substance,  it  responds  to  the  stimulation,  pro- 
vided  this  be  somewhat  more  than  minimal,  by  remaining  in  a 
state  of  persistent  contraction  during  the  whole  of  the  time  that 
the  constant  current  is  passing  *.    Now  I  have  found,  in  perhaps 

1  In  any  case  I  think  it  is  evident,  from  the  results  presented  by  the  fore- 
going sections  of  this  paper,  that  the  method  of  direot  stimalation  of  nerve 
withm  mnsole  has  "been  far  too  mnoh  neglected. 

*  I  repeat  this  fact  beoauae,  although  it  is  very  easy  to  verity,  it  is  one  which 
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five  per  cent  of  cases,  that  when  an  uncurarized  muscle  is  in  a 
state  of  moderately  strong  tetanus  from  the  passage  of  a  rather 
weak  voltaic  current,  some  part  or  parts  of  the  muscle  begin 
to  pulsate  in  a  strictly  rhythmical  manner — ^the  parts  concerned 
alternating  their  periods  of  contraction  with  periods  of  i*epose, 
sometimes  at  about  the  rate  which  is  observable  in  a  frog^s 
lymphatic  heart,  and  sometimes  faster.  This  pulsation  may 
perhaps  only  manifest  itself  through  four  or  five  revolutions ; 
but  on  such  occasions  it  may  often  be  made  to  re-commence  in 
a  more  persistent  manner,  by  graduating  the  strength  of  the  cur- 
rent to  whatever  degree  is  found  most  suitable.  In  this  way  I 
have  obtained  more  than  100  pulsations  without  a  single  inter- 
mission, and  in  perfectly  regular  time  throughout. 

That  this  interesting  phenomenon  is  exclusively  due  to  the 
nervous  element  in  the  substance  of  the  muscle  is,  I  think, 
conclusively  proved  by  the  following  facts:  (I)  Amoqg  the 
many  hundreds  of  curarized  muscles  which,  during  the  course  of 
my  inquiry,  I  have  subjected  to  the  influence  of  the  constant 
current,  I  have  never  once  seen  the  slightest  tendency  evinced 
by  them  to  behave  in  the  manner  just  described.  (2)  On  one 
occasion,  when  I  had  an  uncurarized  gastrocnemius  of  a  frog  on 
non-polarizable  electrodes  with  the  attached  nerve  supported 
on  another  pair  of  such  electrodes,  I  was  fortunate  enough  to 
perceive,  towards  the  lower  end  of  the  muscle,  a  very  beautiful 
instance  of  rhythmical  pulsation  when  the  constant  current  was 
passing  through  the  muscle  in  a  descending  dkection.  Of  course 
it  occurred  to  me  to  try,  by  means  of  the  other  pair  of  electrodes, 
the  effect  of  throwing  the  attached  nerve  first  into  anelectro- 
tonus  and  then  into  kathelectrotonus.  The  results  were  most 
decided.  With  a  current  of  properly  graduated  intensity  pass- 
ing through  the  gastrocnemius,  it  was  always  quite  easy  to 
inhibit  the  pulsating  effect  in  the  muscle  by  throwing  the 
attached  nerve  into  anelectrotonus.  Every  tim^  the  key  in  the 
nerve  circuit  was  put  down,  so  as  to  throw  the  nerve  into  anelec- 

is  not  generally  known.  The  text-books  for  the  most  part  ignore  it,  or  even 
state  its  exact  oonverse,  viz.  that  mnscle,  like  nerve,  only  responds  to  vatiationM 
in  the  intensity  of  a  stimulating  corrent.  Why  so  great  a  difference  should 
exist  between  nerve  and  muscle  in  this  respect  it  is  not  easy  to  suggest.  Per- 
haps, however,  the  peculiar  action  of  the  constant  current  on  muscle  may  be  due 
to  the  continuous  production  of  chemical  changes  in  the  substance  of  the  muscl^ 
wliich  in  turn  act  as  continuous  stimuli. 
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trotonos,  the  rhythmical  pulsations  in  the  muscle  were  sure  to 
cease;  while  every  time  the  same  key  was  put  up,  so  as  to 
break  the  current  in  the  nerve,  these  pulsations  were  as  sure 
to  recommence.  This  observation  was  repeated  a  great  number 
of  times  in  succession.  Conversely,  if  the  attached  nerve  was 
thrown  into  kathelectrotonus,  the  pulsating  effect  could  be  pro- 
duced in  the  muscle  by  means  of  a  current  of  less  intensity  than 
was  required  to  produce  this  effect. when  the  nerve  was  either 
in  anelectrotonus  or  in  the  normal  state. 

There  can  thus  be  no  doubt  that  the  rhythmical  pulsation 
in  question  is  a  nervous  effect,  and  I  suppose  there  can  be 
equally  little  doubt  that  the  phenomenon  is  to  be  attributed  to 
the  influence  exerted  by  an  alternate  nutrition  and  exhaustion 
of  the  particular  nervous  element  concerned.  It  may  b^  well 
to  observe,  in  passing,  that  we  seem  to  have  here,  as  it  were, 
the  accidentai  beginnings  of  rhythmical  ganglionic  action ;  and 
that  this  would  doubtless  be  seized  upon  by  natural  selection,  if 
the  presence  of  a  rhythmically-discharging  centre  in  the  part 
of  the  muscular  system  concerned  should  happen  to  be  of 
benefit  to  the  speciesS 

§  7.  I  will  now  proceed  to  describe  some  experiments  on 
well  curarized  muscles,  which  illustrate  the  major  influence  of 
the  kathode  upon  closure,  and  during  the  passage,  of  the 
constant  current. 

(a)  If  the  curarized  muscle  be  placed  on  non-polarizable 
electrodes  in  a  horizontal  direction,  and  if  a  capillary  glass 
rod  be  interposed  between  the  electrodes  and  then  progres- 
sively raised  until  the  muscle,  falling  by  its  own  weight  on 
each  side  of  the  rod,  just  touches  the  two  electrodes  with  its 
two  extreme  ends ;  under  these  circumstances  it  may  frequently 
be  observed  by  a  quick  eye,  and  sometimes  even  by  a  slow  one, 
that  the  closing  contraction  is  of  the  nature  of  a  contractile 

1  It  may  also  be  observed,  that  aa  the  effect  in  question  has  been  proved  to 
be  of  nervous  origin,  we  must  either  suppose  that  nerve  Inside  of  muscle  so  far 
differs  from  nerve  outside  of  muscle  as  to  be  affected  in  a  very  different  way  by 
voltaic  stimuH  of  constant  intensity ;  or  else,  adopting  the  suggestion  in  tne 
last  footnote  to  explain  the  difference  between  the  behaviour  of  nerve  and 
muscle  towards  the  constant  current,  we  must  suppose  that  the  products  of  the 
chemical  changes  act  as  stimuli  to  the  intra-muscular  nervous  elements,  lo 
me  it  seems  that  one  or  other  of  these  hypotheses  must  be  provisionally  ac- 
cepted, for  I  do  not  see  that  any  third  one  is  open. 
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wave  passing  from  kathode  to' anode,  while  the  opening  con- 
traction is  also  of  the  nature  of  a  contractile  wave,  but  passing 
from  anode  to  kathode.  These  effects  are  more  perceptible 
with  curarized  than  with  uncurarized  muscles,  and  with  minimal 
than  with  stronger  stimulation.  In  seeking  to  obtain  them,  of 
course  it  is  desirable  to  work  with  long-shaped  muscle& 

(b)  If  the  sartorius  muscle  is  chosen  for  the  above  experi- 
ment, and  a  transverse  cut  is  made  half  across  its  width  in  the 
line  midway  between  the  electrodes,  it  may  generally  be 
observed  that  on  closing  the  circuit  the  cut  gapes  towards  the 
kathode,  and  with  a  proper  strength  of  current,  continues  to 
do  so  during  all  the  time  the  circuit  remains  closed  This  ex* 
periment  may  be  very  prettily  varied  by  repeatedly  reversing 
the  current  with  the  commutator  while  the  key  remains  down. 
At  each  reversal  of  the  current  the  cut  reverses  the  direction  of 
its  gape.  Tliese  experiments  with  the  sartorius  may  often  be 
rendered  still  more  striking  by  making  a  number  of  transverse 
cuts  like  the  one  just  described,  but  alternating  with  one 
another  on  opposite  sides  of  the  muscle. 

(c)  If  the  sartorius  muscle  is  placed  on  non-polarizable 
electrodes  as  before,  and  is  then  somewhat  stretched  in  a 
longitudinal  direction  by  means  of  weights  attached  to  its 
two  ends,  it  may  almost  invariably  be  observed — especially 
when  the  contractions  become  sluggish  by  exposure  of  the 
muscle^ — that  upon  closure  of  the  current,  and  during  all  the 
time  of  its  passage,  the  substance  of  the  muscle  draws  towards 
the  kathode,  while  on  the  kathode  itself  it  heaps  up  and 
spreads  out  in  a  very  beautiful  and  distinctive  manner.  On 
now  reversing  the  current,  all  the  phenomena  take  place  in  the 
reverse  way.  Hence,  by  placing  any  minute  body  anywhere  on 
the  muscle  between  the  poles,  this  body  may  be  seen  to  travel 
some  distance  towards  the  kathode  every  time  the  current  is 
reversed. 

(d)  If  the  last  experiment  be  slightly  modified,  the 
major  influence  of  the  kathode  admits  of  being  shown  to  an 
audience.      For  this  purpose,    instead  of   allowing    the   two 

^  Soon  after  ezposxire  to  dxy  air  the  oontraetionB  of  the  Bartoriiu  begin  to 
beoome  slnggish,  and  oontinue  to  do  so  more  and  more  until,  before  Uie  miUMde 
dies,  the  degree  of  slnggishneBS  is  wonderful. 
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weights  to  bang  free,  they  should  each  be  connected  with  an 
appropriate  index.  After  a  few  trials  to  ascertain  the  best 
disposition  of  the  weights  in  relation  to  one  another  and  to  the 
strength  of  the  current,  a  lar^  audience  may  easily  perceive 
that  when  the  current  is  pTiog  in  one  di^ctionthV  index 
neatest  the  kathode  is  raised,  and  that  when  the  current  is 
passing  in  the  opposite  direction,  this  index — ^which  is  now 
nearest  the  anode — ^falls,  while  the  other  index  rises.  By 
rapidly  alternating  the  current  with  the  commutator,  the  two 
indices  may  be  made  to  present  the  appearance  of  being  joined 
by  a  rigid  but  invisible  bar,  which  inclines  first  one  way  and 
then  the  other  as  often  as  the  current  is  reversed. 

(e)  If  the  sartorius  muscle  is  submitted  through  a  portion 
of  its  length  to  the  polarizing  influence  of  a  moderately  strong 
voltaic  current,  and  if  the  extra-polar  portion  of  the  muscle 
is  supplied  with  minimal  stimulation  by  means  of  single  induc- 
tion-shocks thrown  in  close  to  one  of  the  electrodes  of  the 
polarizing  current,  it  may  often  be  observed  that  the  extra- 
polar  portion  of  the  muscle  responds  to  a  weaker  induction- 
shock  when  it  is  in  anelectrotonus  than  when  it  is  in  kath- 
electrotonus.  This  at  first  sight  appears  anomalous;  but  the 
explanation  is  very  simple.  It  has  just  been  stated  that 
when  the  sartorius  is  subjected  to  the  influence  of  the  con- 
stant current,  the  muscle  is  in  a  state  of  stronger  contraction 
in  the  region  of  the  kathode  than  anywhere  else.  Consequently, 
when  a  minimal  induction-shock  is  thrown  in  at  the  kathodic 
region,  the  muscle  is  less  able  to  respond  to  the  stimulus  than 
when  this  is  thrown  in  at  the  anodic  region :  the  substance  of 
the  muscle  being  already  heaped  up  on  the  kathode  by  reason 
of  the  strength  of  its  contraction  at  that  part,  the  effect  of  an 
additional  and  feeble  stimulus  is  not  so  apparent  when  supplied 
^  at  that  part  as  it  is  when  supplied  at  any  other  part. 

§  8.  There  is  only  one  other  matter  concerning  which  I 
desire  to  draw  attention  at  present.  If  the  copper-wire  ter- 
minals of  a  Daniell's  element  be  taken  one  in  each  hand,  and 
the  strength  of  the  current  be  graduated  down  to  the  point  at 
which  minimal  stimulation  is  obtained  by  placing  on  a  fresh 
muscle  first  the  anode  and  then  the  kathode ;  it  may  invariably 
be  observed  that  if  this  order  is  reversed,  by  first  laying  on  the 
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kathode  and  then  the  anode,  no  contraction  will  be  given  unless 
the  strength  of  the  current  is  somewhat  increased.  This  curious 
fact  may  be  observed  equally  well  on  curarized  and  on  un- 
curarized  muscles.  It  is  independent  of  the  dii-ection  of  the 
current,  and  is  not  affected  by  insulating  the  muscle  or  by  laying 
it  on  a  gas-pipe.  Thinking,  however,  that,,  notwithstanding 
these  facts,  the  phenomenon  in  question  might  be  due  to 
tension  in  the  substance  of  the  muscle,  of  positive  electricity  in 
the  one  case  and  of  a  negative,  electricity  in  the  other,  I  tried 
the  effect  of  first  placing  on  the  muscle  the  anode  alone  or  the 
kathode  alone  in  an  unclosed  circuit  from  a  Grove's  cell,  and 
then  experimenting  with  the  Daniell's  cell  as  before.  The 
presence  of  the  Grove's  cell,  however,  made  no  perceptible 
difference  in  the  results.  I  may  add  that  the  latter  sure  most 
easily  observed  by  employing  the  long  muscles  of  the  thigh, 
either  in  situ  or  excised. 

At  the  time  when  I  obtained  these  results,  I  was  not  awai« 
that  any  difference  between  the  effects  of  anodic  and  of  kathodic 
closure  had  been  previously  observed.  My  attention,  however,  has 
now  been  directed  to  the  very  interesting  statements  of  Hitzig,  to 
the  effect  that  such  a  difference  is  readily  perceptible  in  the  case 
of  voltaic  stimulation  of  the  brain.     It  is  highly  remarkable^ 
however,  that  the  difference  between  the  effect  of  anodic  and 
of  kathodic  closure  in  the  case   of  brain  is  the  exact  con- 
verse of  that  which  I  have  found  to  be  true  in  the  case  of 
muscle ;  for  while  kathodic  closure  is,  as  I  have  said^  the  more 
effective  stimulus  as  regards  muscle,  it  is  the  less  effective, 
according  to  Hitzig,  as  regards  brain.     That  such  an  extraordi- 
nary inversion  of  relations  cannot  be  without  some  important 
meaning,  must,  I  think,  be  held  at  any  rate  as  probable ;  and, 
in  view  of  Hitzig*s  other  facts,  I  also  think  that  the  present 
ones  may  justly  be  taken  as  in  a  high  degree  confirmatory  of 
his  views  concerning  the  reversed  relations  that  subsist  between 
central   and  peripheral  voltaic  stimulation.     For  it  is  to  be 
observed,  that  if  we  presuppose  any  difference  at  all  to  occur 
between  the  effects  of  anodic  and  of  kathodic  closure,  we  should 
be  prepared  to  expect  that  when  the   whole  muscle  is  the 
anode  in  an  unclosed  circuit,  it  should  be  more  ready  to  con- 
tract upon  closure  than  when  it  is  the  kathode ;    for,  as  we 
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know  that  the  kathode  is  the  point  of  major  stimulation  of 
muscular  tissue  on  closure^  it  seems  probable  that .  if  any 
difference  between  the  two  modes  of  closure  is  perceptible  at 
all,  it  should  be  in  favour  of  that  mode  which  brings  the  point 
of  major  stimulation  to  bear  upon  the  tissue  with  the  greatest 
suddenness — that  is,  in  favour  of  kathodic  closure.  But  if  our 
anticipation  is  thus  realised  in  the  case  of  muscle,  when  in  the 
case  of  brain  we  meet  with  an  inversion  of  the  facts,  I  do  not 
see  why  we  are  not  to  accept  an  opposite  conclusion,  and  to 
hold  with  Hitzig  that  in  voltaic  stimulation  of  the  brain  the 
anode,  and  not  the  kathode,  is  the  point  of  major  influence. 

The  question  of  course  arises.  What  is  the  behaviour  of 
nerves  in  the  respects  we  are  considering  ?  The  answer  to  this 
question  is  highly  perplexing.  So  far  as  I  have  been  able  to 
ascertain,  motor  nerves,  at  any  rate,  do  not  exhibit  the  slightest 
difference  in  their  behaviour  towards  closure  by  the  anode  and 
closure  by  the  kathode.  Even  before  I  became  acquainted 
with  Hitzig*s  results,  this  fact  appeared  to  me  highly  remark- 
able ;  and  since  I  have  become  acquainted  with  these  results,  the 
fact  in  question  appears  to  me  even  more  remarkable  than  it 
did  before.  That  there  should  be  any  difference  between 
muscle  and  nerve  in  the  respects  we  are  considering — that 
while  muscle  is  able  to  distinguish  between  anodic  and  kathodic 
closure,  nerve  is  not  able  to  do  so ;  this  fact,  although  doubtless 
a  strange  one,  would  not  be  so  strange  as  is  the  fact  with  which 
we  are  actually  presented;  viz.  that  while  both  muscle  and 
central  nervous  matter  are  able,  though  in  opposite  ways,  to 
distinguish  between  anodic  and  kathodic  closure,  peripheral 
nervous  matter  is  quite  unable  to  do  so.  Of  this  fact  I  have 
no  explanation  to  suggest ;  but  that  it  is  a  fact  I  can  have  very 
little  doubt,  not  only  from  my  own  observations,  but  also  from 
those  of  an  independent  investigator,  of  whose  work,  however, 
I  was  unaware  until  after  my  own  had  been  completed.  The 
investigator  to  whom  I  refer  is  Engesser,  who,  struck  with  the 
observations  of  Hitzig  on  cerebral  stimulation  just  alluded  to, 
instituted  a  careful  series  of  experiments  on  motor  nerves,  the 
result  of  which  was  to  show,  as  my  experiments  have  likewise 
shown,  that  in  their  case  not  the  slightest  difference  could 
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be  detected  between  the  effects  of   anodic  and  of  kathodic 
closure*. 

In  now  concluding  this  paper,  I  should  like  to  record  my 
best  thanks  to  Dr  Sanderson  for  the  courteous  and  valuable 
assistance  which  in  various  ways  he  has  rendered  me  during 
the  progress  of  this  enquiry.  Expression  of  my  gratitude  is 
also  due  to  Mr  Page  for  his  ever-ready  help  in  the  laboratory. 

May,  1876. 

A  See  Fflfiger*0  Areh.  z.  p.  147. 


THE  EFFECTS  OF  THE  CONSTANT  CURRENT  ON 
THE  HEART.  By  M.  Foster,  M.D.,  F.R.S.,  and  A.  G. 
Dew-Smith,  M.A.9  2Vm%  CoUege,  Cambridge, 

{From  the  Phf/etologiccU  Laboratory^  Combridge.) 

The  Frog  and  Toad  were  cliiefly  employed  in  the  following 
observations.  Several  experiments  however  were  made  with 
the  hearts  of  Tortoises  and  Dog  Fish.  For  a  supply  of  the 
latter  the  authors  are  deeply  indebted  to  the  kindness  of 
Mr  Henry  Lee,  of  the  Brighton  Aquarium,  and  to  the  liberality 
of  the  Directors  of  that  Institution. 

The  current  was  always  applied  by  means  of  non-polarisable 
electrodes.  Tracings  of  the  heart's  beat  were  generally  taken 
by  means  of  a  very  light  simple  lever,  or  levers,  placed  directly 
on  the  ventricle,  or  on  the  auricle  and  ventricle.  Occasionally 
the  endocardial  method  was  employed,  but  all  the  main  results 
were  obtsdned  by  means  of  the  lever.  Undoubtedly  the  con- 
tact of  even  the  lightest  lever  must  be  regarded  as  a  stimulus ; 
but  this  stimulus  is  at  its  maximum  at  the  moment  of  ap- 
plication, and  very  rapidly  sinks  to  zero.  Practically  there  is 
no  difficulty  whatever  in  eliminating  the  effects  of  the  lever 
from  those  of  the  current& 

The  results  of  the  observations  may  be  naturally  arranged 
according  to  the  part  of  the  heart  subjected  to  the  current, 
and  according  to  the  condition  of  the  heart  previous  to  the 
appUcation  of  the  current. 

1.    The  lower  two-thirda  of  the  ventricle. 
This  portion  was  chosen  as  an  especial  object  of  study, 

rally  admitted  that  a  ventricle  deprived  of  its  basal  third,  on 
the  one  hand  contained  no  ganglionic  apparatus,  and  on  the 
other  never  exhibited  any  spontaneous  rhythmic  beat.    Since 
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our  observations  were  m^e  we  have  read  the  interesting 
observ^ations  of  Merunowicz^  who  has  succeeded  in  obtaining 
good  spontaneous  rhythmic  pulsations  &om  this  moiety  of  the 
ventricle.  We  cannot  but  regard  his  results  as  corroborative 
of  some  at  least  of  our  own  conclusions. 

The  results  which  we  obtained  on  subjecting  such  a  portion 
of  the  ventricle  to  a  constant  current  directed  longitudinally, 
that  is  from  base  to  apex  or  from  apex  to  base,  differed  ac- 
cording to  the  strength  of  the  current  employed. 

With  very  weak  currents,  sometimes  no  effect  at  all  is 
produced;  sometimes  there  is  seen  a  beat  at  the  making  of 
the  current,  or  at  the  breaking,  or  at  both  making  and  break- 
ing, the  tissue  during  the  passage  of  the  current  remaining 
perfectly  quiescent.  The  beat  thus  brought  about  is  in  all  its 
features  a  normal  beat 

In  very  many  cases  the  making  beat  was  distinctly  seen 
to  proceed  from  the  kathode  and  to  travel  towards  the  anode, 
and  the  breaking  beat  to  proceed  from  the  anode  and  to  travel 
towards  the  kathode.  This  was  most  clearly  seen  when  the 
ventricle  was  bisected  longitudinally  almost  up  to  the  apex, 
where  a  bridge  of  tissue  was  left,  and  the  limbs  of  the  V- 
shaped  mass  extended  into  almost  a  straight  line  and  pinned 
out  in  that  position.  Under  favourable  circumstances  the  beat 
was  seen  to  move  as  a  wave  from  one  pole  to  the  other,  from 
the  kathode  to  the  anode  or  from  the  anode  to  the  kathode, 
as  the  case  might  be.  But  the  experiment  did  not  always 
succeed,  and  occasionally,  when  probably  the  bridge  left  was 
too  small,  the  two  portions  acted  as  two  independent  masses. 
We  may  remark  in  passing  that  this  experiment  quite  cor- 
roborates Engelmann's*  views  on  the  physiological  continuity 
of  the  whole  ventricular  tissue,  views  which  we  have  fully 
adopted  in  our  paper  on  the  Snail's  Heart',  where  we  perhaps 
ought  to  have  called  attention  to  Engelmann's  previous  remarks 
on  physiological  continuity*  more  specially  than  we  did. 

Thus  far  the  cardiac  tissue  seems  to  diflFer  in  no  way  from 
ordinary  muscular  tissue,  and  the  above  results,  which  remain 

'  Berichte  k,  Sachs,  Qesselhchft.  d,  Wissenschft,  1876»  p.  254. 
3  Pauger's  Archiv,  xi.  p.  465. 
'  Proc.  Roy,  Soc,  xxiii.  p.  818. 
*  Pfluger's  ArchiVy  ii.  p.  213. 
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the  same  after  the  heart  has  been  treated  with  urari  or  with 
atropin,  are  merely  illustrations  of  Pfliiger's  law. 

When  however  stronger  currents  are  employed,  distinct 
rhythmic  pulsations  are  set  up  on  the  making  of  the  current, 
continue  during  the  passage  of  the  current,  and  cease  with 
its  cessation.  The  beats  thus  produced  are  in  all  their  cha- 
racters like  to  normal  spontaneous  beats;  indeed  are  indis* 
tinguishable  from  them.  We  were  able  to  obtain  these  beats 
from  any  piece  of  the  ventricle,  however  smalL 

The  frequency  and  force  of  the  beats  depend  on  the 
strength  of  the  current  in  relation  to  the  irritability  of  the 
heart.  Thus  if  a  current  which  is  just  strong  enough  to 
produce  simply  a  making  and  a  breaking  beat,  be  slightly 
increased,  the  result  is  that  the  making  beat  is  followed  at  a 
considerable  interval  by  a  second  beat  while  the  current  is 
going  on,  and  this  perhaps  by  a  third  or  fourth ;  and  the  break- 
ing beat  fails  to  make  its  appearance.  As  the  current  is  still 
further  increased  in  strength,  the  beats  become  more  frequent 
and  at  the  same  time  more  forcible,  until  a  point  is  reached  at 
which  the  maximum  of  pulsation  is  obtained,  i,e.  at  which 
the  beats  are  at  the  same  time  strongest  and  most  rapid. 
Beyond  this  the  increase  of  frequency  still  goes  on,  but  at  the 
expense  of  the  force  of  the  individual  beats.  The  beats  then 
tend  to  overlap  and  so  to  convert  the  rhythmic  pulsation  into 
an  ordinary  tetanus ;  but  for  this  a  very  strong  current  is  re- 
quired ;  and  indeed  we  were  never  able  to  bring  about  a  com-^ 
plete  tetanus,  such  as  could  be  fairly  compared  with  the 
tetanus  of  an  ordinary  striated  muscle. 

Of  the  rhythmic  pulsation  thus  brought  about  many 
varieties  presented  themselves,  varieties  which  we  can  only 
refer,  without  completely  explaining  them,  to  the  varying  irrit- 
ability of  the  heart. 

The  most  common  type  is  that  which,  following  the 
phraseology  of  the  Leipzig  school,  we  may  speak  of  as  con- 
sisting of  an  ascending  and  descending  staircase.  In  this  the 
making  of  the  current  is  followed  immediately  or  after  a 
short  interval  by  a  feeble  beat,  this  by  a  stronger  one,  and  so 
on  in  an  ascending  series  until  a  maximum  is  reached,  which 
after  being  maintained  for  a  variable  time  gives  place  to  a 
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descending  series  in  which  the  beats  diminish  in  force  and 
lose  in  frequency.  With  currents  of  short  duration  the  de- 
scending limb,  as  might  be  expected,  is  frequently  absent. 

Yeiy  frequently  the  ascending  limb  is  absent,  the  pulsations 
starting  at  a  maximum,  and  decUnmg  either  immediately  or 
after  a  variable  period;  but,  sometimes,  even  with  currents 
lasting  the  greater  part  of  a  minute,  no  decline  at  all  is  seen, 
the  heart  continuing  to  beat  uniformly  and  regularly  during 
the  whole  time  of  the  passage  of  the  current. 

In  nearly  all  cases,  and  certainly  in  all  cases  where  the 
pulsations  are  maintained  to  the  end  of  the  passage  of  the 
current,  the  distinct  breaking  beat  is  conspicuous  by  its  ab- 
sence. We  have  however  occasionaUy  but  very  rarely  seen  the 
pulsations  survive  the  application  of  the  current,  two  or  three 
beats  making  their  appearatice  after  the  current  had  been 
broken. 

This  power  of  the  constant  current  thus  to  provoke  a 
regular  rhythmic  pulsation  in  the  part  of  the  ventricle  nor- 
mally devoid  of  any  spontaneous  beat  w£W  observed  long  ago 
by  Eckhard^;  and  indeed  was  the  subject  of  a  controversy 
between  that  physiologist  and  Heidenhain*.  The  general  im- 
pression produced  by  that  controversy  seems  to  have  been 
that  the  rhythmic  pulsations  caused  by  the  constant  current 
simply  formed  a  particular  case  of  the  tetanus  observed  by 
Pfluger'  as  the  result  of  the  application  of  the  constant  current 
to  an  ordinary  musde-nerve. 

Without  denying  that  the  two  sets  of  phenomena  may 
have  a  common  origin  in  so  far  as  they  may  be  both  due  (as 
Pfluger  suggests  with  regard  to  one)  to  electrolytic  action, 
we  must  confess  that  in  their  general  features  the  two  are 
most  markedly  diJBTerent  The  tetanus  set  up  by  the  appli- 
cation of  the  constant  current  to  a  nerve  is  a  rapid  tetanus; 
by  no  adjustment  of  the  strength  of  the  current  can  the 
rhythm  of  the  contractions  be  graduated.  With  certain 
strengths  of  current,  the  tetanus  is  absent;  and  as  the 
strength  is  increased,  a  tetanus  of  rapid  rhythm  suddenly 

»  Beitrflge  zur  Anat.  ik  Phys.  Bd.  i.  lil,  also  Bd.  il.  123. 
«  MiiUer's  Archiv,  1868,  p.  479. 
•  yirohow*s  Archive  xin. 
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makes  its  appearance  when  a  certain  point  is  reached.  Very 
striking  is  the  contrast  offered  by  the  cardiac  muscle  under 
the  same  constant  current.  Under  favourable  circumstances, 
and  by  applying  the  current  with  great  care,  a  whole  series 
may  be  obtained  ranging,  according  to  the  strength  of  cur- 
rent employed,  from  the  initial  simple  make-  and  break-beat, 
through  a  rhythm  of  two  or  three  beats  a  minute,  to  one 
of  a  beat  every  two  or  three  seconds,  and  finally  to  one  every 
second,  or  even  to  a  still  more  rapid  rhythm.  Nothing  like 
this  is  ever  witnessed  in  any  ordinary  muscle.  The  beats 
moreover  have  all  the  features  of  normal  beats.  An  observer, 
however  experienced  in  cardiac  experiments,  would,  on  seeing 
the  pulsations,  suppose  the  heart  to  be  beating  naturally  and 
spontaneously,  if  he  did  not  know  that  the  current  was 
being  applied.  Indeed,  the  simplest  and  perhaps  the  truest 
mode  of  stating  the  facts  is  to  say  that  the  constant  current 
provokes  the  heart  to  spontaneous  beats. 

Nor  are  these  rhythmic  contractions  witnessed  with  the 
constant  current  alone.  As  one  of  us  pointed  out  some  time 
ago*,  when  a  quiescent  lower  moiety  of  the  frog's  ventricle 
is  submitted  to  the  action  of  an  ordinary  interrupted  current 
for  some  little  time,  the  irregular  tetanic  contractions  which 
generally  speaking  first  make  their  appearance,  give  place  to 
a  rhythmic  beat,  the  features  of  which  are  in  every  way 
normal.  On  the  supposition  that  the  lower  two-thirds  of 
the  frog's  ventricle  do  not  contain  any  ganglionic  struc- 
tures, these  facts  seem  to  point  most  distinctly  to  the  con- 
clusion that  the  less  differentiated  cardiac  muscular  tissue 
still  retains  a  power  of  rhythmic  pulsation,  which  power  has 
been  almost  entirely  lost  by  those  muscles  which  are  more 
completely  under  the  dominion  of  the  will.  We  say  almost 
entirely,  because  in  the  first  place  theoretical  considerations 
would  lead  us  to  suppose  that  if  the  property  of  rhythmic 
movement  were  a  fundamental  attribute  of  primitive  proto- 
plasm, traces  of  this  property  would  be  visible  even  in  the 
most  differentiated  forms,  and  in  the  second  place,  such  traces 
may  indubitably  be  found'.     But  to   say   that    the   cardiac 

>  Foster.    This  Journal,  Vol.  iii.  p.  400. 

•  See  the  interesting  paper  of  Mr  Romanes  which  precedes  the  present 
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musculax  tissue  still  retains  the  power  of  rbythmic  palsatioiiy 
is  very  nearly  the  same  thing  as  saying  that  the  rhythmic 
pulsation  of  the  heart  is  a  fundamental  property  of  its 
general  muscular  tissue  and  not  of  any  special  localized 
mechanism.  Thus  although  the  lower  moiety  of  the  ventricle 
does  not  under  ordinary  circumstances  exhibit  a  spontaneous 
pulsation,  its  behaviour  under  the  constant  current  warrants 
the  conclusion  that  the  power  of  rhythmic  pulsation  though 
latent  is  not  absent,  and  only  needs  favourable  circum- 
stances for  its  complete  manifestation.  Those  favourable  cir- 
cumstances are  provided  for  by  Merunowicz's  (loc.  dt.)  mode 
of  experimentation,  and  he  accordingly  finds  that  the  lower 
moiety  of  the  frog's  heart  beats  with  a  regularity  and 
spontaneity  as  distinct  if  not  as  ready  as  that  of  the  entire 
ventricle.  In  fact,  the  distinction  between  the  entire  ventricle 
and  the  moiety  is  one  of  degree,  not  of  kind.  The  entire 
ventricle  will  beat  under  many  circumstances ;  in  fact  nearly, 
though  not  quite,  as  readily  as  the  ventricle  with  the 
auricles  attached.  The  moiety  will  only  beat  under  certain 
favourable  circumstances,  e.  g,  when  its  fibres  are  extended 
by  the  distension  of  its  cavity,  and  at  the  same  time  sup- 
plied with  nutrient  or  invigorating  material,  or  when  it  is 
subjected  to  a  constant  current  of  a  certain  intensity. 

Now  it  may  without  any  risk  be  affirmed  that  distinct 
ganglionic  cells,  like  those  which  are  found  in  the  atrioven- 
tricular boundary  and  elsewhere,  are  absent  from  the  lower 
two-thirds  of  the  ventricle.  Structures  of  that  size  could  not 
be  missed  by  the  many  acute  observers  who  have  searched 
for  them.  We  may  therefore  without  any  fear  say  that  the 
spontaneous  beat  of  the  heart  cannot  be  due  to  the  action 
of  8uch  ganglionic  cells  as  these. 

Future  observers  may  discover  in  the  lower  moiety  of  the 
ventricle  nervous  structures  of  another  order;  and  in  that 
case  it  may  become  necessary  to  transfer  to  those  structures 
the  attributes  which  are  now  monopolized  by  ordinary  gan- 

artide,  and  which  bears  very  closely  both  on  this  and  on  many  other  points. 
We  may  perhaps  be  permitted  to  point  out  that,  while  the  rhythmic  pnlsationa 
observed  by  Mr  Komanes  were  done  away  with  by  urari  poisoning,  we  have 
not  seen  any  fundamental  changes  introduoed  into  onr  results  by  the  exhibition 
of  even  large  doses  of  that  drug. 
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glionic  cells.  For  ourselves^  we  must  confess  that  it  seems 
more  in  accordance  with  the  tendency  of  physiological  inquiry 
to  suppose  that  the  cardiac  muscle-cells  (they  might  be  called 
neuro-muscular  cells  if  there  be  any  advantage  in  the  name) 
have  not  yet  lost  that  property  of  rhythmic  movement  which 
is  seen  to  be  exercised  with  varying  but  progressive  regularity 
iA  all  protoplasm,  from  that  of  a  bacterium  or  a  vegetable  cell 
upwards. 

The  fundamental  functional  homogeneity  and  at  the  same 
time  accidental  heterogeneity  of  the  cardiac,  tissue  is  shewn 
in  the  following  observations. 

When  a  large  piece  of  the  ventricle  was  employed,  for 
instance  the  whole  of  the  lower  two-thirds,  the  rhythmic 
pulsation  was  always  markedly  much  more  easily  obtained 
when  the  kathode  was  placed  at  the  base  than  when  the 
kathode  was  placed  at  the  tip. 

When  the  piece  was  small,  e,g,  when  the  mere  tip  of  the 
ventricle  was  employed,  rhythmic  pulsations  were  more  readily 
obtained  when  the  kathode  was  placed  at  the  tip  and  the  anode 
at  the  cut  surface,  than  when  the  current  was  sent  in  the 
contrary  direction. 

In  a  piece  cut  out  from  any  part  of  the  lower  two-thirds, 
rhythmic  pulsations  were  always  more  readily  produced  when 
the  current  was  thrown  in  one  direction  than  in  another ; 
that  is,  when  one  part  rather  than  another  was  made  kathodic. 
By  carrying  incisions  in  various  directions  we  could  almost 
at  will  convert  any  spot  into  a  point,  the  kathodization  of 
which  appeared  more  favourable  to  pulsation  than  that  of  other 
points. 

It  seems  impossible  to  attribute  these  results  to  any  ar- 
rangement of  localized  mechanisms,  save  such  a  distribution 
of  them  as  would  be  coextensive  with  the  muscular  tissue 
itself.  Without  being  able  fully  to  explain  the  facts,  we  are 
inclined  to  interpret  them  as  being  connected  with  the  shape  of 
the  ventricle  and  the  consequent  unequal  distribution  of  the 
anodic  and  kathodic  areas. 

It  is  exceedingly  probable  that  the  beats  are  kathodic  in 
character,  i,e,  that  they  proceed  from  the  kathodic  region,  and 
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are  connected  with  the  katelectrotonic  phase.  We  have  not 
however  been  able  to  prove  this  satisfactorily.  In  many  cases, 
as  for  instance  when  the  piece  of  ventricle  was  divided  longi- 
tudinally and  the  parts  pinned  out,  the  beats  could  be  distinctly 
seen  to  proceed  from  the  kathode.  In  many  other  cases,  on 
the  contrary,  the  beats  seemed  to  start  in  the  kathodic  and 
anodic  region  at  the  same  time.  In  the  snail's  heart  {loc.  cif, 
p.  326)  the  beats  which  the  constant  current  evokod  in  an 
otherwise  quiescent  ventricle  could  veiy  clearly  be  seen  to 
proceed  from  the  kathode  and  to  travel  towards  the  anode; 
but  when  the  complicated  arrangement  of  the  fibres  in  the 
twisted  tube  which  forms  the  frog's  ventricle  is  compared  with 
that  of  the  fibres  in  the  straight  tube  of  the  snail's  heart,  it  is 
easy  to  understand  why  the  regular  progression  from  the 
kathode  to  the  anode,  which  is  so  obvious  in  the  latter,  should 
be  obscured  in  the  former.  On  the  other  hand,  the  beats 
which  are  seen  during  the  passage  of  the  current  have  all  the 
appearances  of  being  repetitions  of  the  initial  beat.  But  this 
is  a  kathodic  beat,  and  we  may  therefore  infer  that  the  fol* 
lowing  beats  are  kathodic  also.  If  this  be  so,  then  we  may 
go  a  step  further,  and  conclude  that  the  facility  with  which 
beats  can  be  evoked  by  the  constant  current,  will  depend  on 
the  ease  with  which  the  katelectrotonic  phase  can  be  made 
dominant  in  the  tissue  under  the  influence  of  the  current 

Now,  in  dealing -with  the  efiects  of  the  constant  current 
on  nerve-fibres  and  ordinary  striated  muscular  fibres,  we  have 
to  do  with  cylinders  of  uniform  diameter  (neglecting,  as  we 
may  do,  the  extreme  ends  of  the  muscular  fibres)  throughout, 
and  the  relative  expanse  of  the  katelectrotonic  and  anelectro- 
tonic  areas  will  depend  entirely  on  the  position  of  the  neutral 
line,  and  that  again  on  the  strength  of  the  current  in  relation 
to  the  irritability  of  the  tissue.  As  far  as  we  know,  the  case 
has  never  been  considered  where  the  tissue  forms  a  physio- 
logically continuous  cone,  one  electrode  being  applied  to  the 
base  and  the  other  to  the  apex.  There  is  no  proof  that  the 
anelectrotonic  and  katelectrotonic  phases  (and  by  these  terms 
we  viean  the  physiological  and  not  the  merely  electrical  conditions 
of  the  tissue)  are  so  related  to  each  other  that  the  movement, 
whatever  it  may  be,  in  one  direction  is  accompanied  by  an 
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equivalent  movement  in  the  other  direction,  the  sum  of  the 
tviro  remaining  null;  we  are  not  debarred,  by  anything  that 
we  know,  from  the  supposition  that  when  the  kathode  is  applied 
broadly  to  the  base  of  such  a  cone,  the  larger  portion  of  the 
tissue  is  thrown  into  the  katelectr'otonic  state,  and  when  the 
anode  is  placed  at  the  base,  the  smaller  portion.  In  the 
behaviour  of  the  snail's  heart,  which  forms  such  a  cone  of 
physiologically  continuous  tissue,  we  thought  we  found  positive 
indications  of  an  influence  of  the  form  of  the  tissue  in  this 
direction ;  and  since  Engelmann  has  shewn  that  the  ventricle 
of  the  frog's  heart  is  similarly  physiologically  continuous,  we 
have  some  ground  for  applying  a  similar  hypothesis  to  that 
organ  also.  If  we  are  allowed  to  do  so,  then  we  should  say 
that  the  lower  two-thirds  of  the  ventricle,  in  spite  of  the 
injury  caused  by  the  section,  still  form  a  cone,  so  that  when 
the  current  is  applied  with  the  anode  at  the  tip,  the  larger 
portion  of  the  tissue  is  thrown  into  katelectrotonus,  and  beats 
in  consequence  are  more  easily  evoked  than  when  the  kathode 
is  placed  at  the  tip.  When,  on  the  contrary,  a  small  piece  only 
of  the  ventricle  is  being  operated  on,  the  injury  at  the  lines 
of  section,  and  the  directions  of  the  incisions,  determine  the 
position  in  which  the  electrodes  should  be  placed  in  order  that 
the  katelectrotonic  phase  should  be  dominant,  and  in  conse- 
quence beats  more  easily  evoked.  We  throw  out  this  view 
with  great  diffidence  as  a  mere  suggestion,  put  forward  in  the 
hope  that  it  may  provoke  inquiiy  into  what,  on  any  hypothesis, 
seems  a  singular  fact,  that  the  beats  should  be  produced 
more  easily  by  applying  the  current  in  one  direction  than  in 
another,  and  that  the  direction  depends  on  the  form  of  the 
piece  of  ventricle  or  at  least  on  the  directions  of  the  incisions 
made. 

We  naturally  turned  our  attention  to  the  point  whether 
the  neutral  boundary  could  be  shifted,  and  the  relative  areas 
of  katelectrotonus  and  anelectrotonus  in  consequence  varied 
by  varying  the  strength  of  the  current. 

According  to  the  views  just  expressed  it  might  be  supposed 
that,  since  the  neutral  boundary  in  ordinary  nerve  electrotonus 
moves  from  the  anode  towards  the  kathode  as  the  strength  of 
the  current  is  increased,  the  ease  with  which  beats  could  be 
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produced  would  diminish  with  the  increaBe  in  the  strength  of  (he 
HUrrent.  As  a  matter  of  fact  the  beats  are  more  easilj. pro- 
duced with  the  stronger  currents ;  and  this  fact  seems  at  first 
sight  distinctly  to  disprove  the  hypothesis  we  have  put  forward- 
But,  in  the  first  place,  it  must  be  remembered  that  the  rhythmi- 
cally pulsating  cardiac  tissue  differs  from  a  nerve-fibre  in  this, 
that  with  the  initial  beat,  and  with  each  subsequent  beat,  the 
condition  of  the  tissue  is  profoundly  altered  as  the  very  result 
of  the  beat  In  the  second  place,  we  have  in  the  heart's  beat 
to  do  with  two  distinct  things;  the  force  and  extent  of  the 
individual  beats,  and  the  rapidity  with  which  the  beats  are 
repeated.  Between  these  two  things  there  is  a  relation,  and 
that  relation  is  in  large  measure  an  inverse  one.  (In  the 
ordinary  explanations  given  of  rhythmic  action,  the  two  are 
treated  of  as  being  absolutely  in  an  inverse  relation:  Whai 
a  gas  is  bulA>ling  through  a  fluid  the  large  bubbles  come 
slowly:  when  they  follow  rapidly  they  become  small  The 
problems  of  the  heart  would  be  very  simple  if  this  inverse 
relation  were  an  absolute  one  for  it  also ;  it  is  not  so,  for  we 
may  have  within  limits  rapid  strong  beats,  and  infrequent 
feeble  ones;  but  nevertheless  the  inverse  relationship  does 
exist  though  obscured  by  other  influences.) 

Now,  in  operating  on  the  ventricle  with  a  constant  current, 
it  is  seen  that  an  increase  in  the  strength  of  the  current  bears 
much  more  upon  the  rapidity  of  the  rhythm  than  on  the  force 
of  the  individual  beats.  We  have  frequently  observed  that  the 
beats,  few  in  number,  called  forth  by  a  weak  current  are 
individually  as  strong  as  those,  many  in  number,  which  are 
produced  by  a  stronger  current  applied  for  the  same  time. 
Nay  more,  when  a  certain  limit  has  been  passed  the  beats  lose 
in  force  while  they  gain  in  rapidity,  by  increase  of  the  current. 
In  the  last  matter  we  have  to  do  probably  with  the  eflCect  of 
one  beat  upon  another  in  the  shape  of  exhaustion  ;  and  indeed 
the  whole  of  this  part  of  the  subject  must  remain  obscure  until 
we  know  the  limits  and  conditions  of  the  beneficial  and  of  the 
injurions  effects  of  any  given  beat  on  its  successor ;  for  these 
beneficial  effects  do  exist,  as  shewn  by  the  labours  of  Bowditch, 
and  the  injurious  effects  are  readily  shewn  in  any  overtaxed 
heart. 


^ 
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\  If  we  might  make  a  suggeBtion  it  would  be  in  the  direction 
that,  while  the  force  of  the  beat  is  most  (but  not  exclusively^ 
dependent  on  the  area  of  the  katelectrotonus,  the  rapidity  of 
the  rhythm  is  more  immediately  connected  with  the  intensity 
of  the  electrotonic  phases.  This  would  at  least  enable  us  to 
understand  why,  in  spite  of  the  diminished  katelectrotonift 
area^  the  beats  increased  in  rapidity  with  an  increase  in  the 
current*. 

The  absence  of  the  break-beat  when  the  current  has  during 
its  passage  evoked  a  series  of  pulsations,  seems  to  us  a  point  of 
interest  as  contrasted  with  its  very  regular  presence  when  the 
current  has  simply  caused  a  make-beat,  and  not  given  rise 
to  any  series.  When  the  beats  are  maintained  during  the 
whole  time  of  the  passage  of  thB  current,  the  break-beat  is 
almost  invariably  absent.  It  is  only  when  the  beats  have 
ceased  before  the  shutting  off  the  current,  so  that  a  pause  of 
some  length  is  seen  between  the  last  beat  and  the  actual  break- 
ing of  the  current,  that  the  break-beat  follows  upon  a  series. 

Now  the  break-beat  in  many  cases  was  most  distinctly  seen 
to  be,  and  in  all  cases  probably  is,  an  anodic  beat;  it  proceeds 
from  the  anode,  and  is  due  to  the  disappearance  of  anelectro- 
tonus.  May  we  infer  from  this  that  the  effect  of  a  beat  is  to 
neutralize  the  (physiological)  electrotonic  condition,  so  that 
after  each  explosion  neither  the  kathodic  region  is  so  katelec- 
trotonic,  nor  the  anodic  so  anelectrotonic,  as  immediately  before 
the  beat  ?  that  during  the  interval  between  that  and  the  suc- 
ceeding beat  the  heart  is  occupied  in  getting  up,  so  to  speak, 
the  katelectrotonic  and  anelectrotonic  phases  ?  This  would  at 
least  enable  us  to  understand  why  the  larger  kathodic  area  is 
more  favourable  for  the  development  of  beats. 

^  It  is  impoBsible  to  ayoid  the  eonviotion  that  the  processes  concerned  in  the 
production  of  a  pulsation  spontaneons  or  otiberwise,  are  capable  of  being  ana- 
lysed, like  the  phenomena  which  belong  to  an  ordinary  mnsonlar  contraction, 
into  those  pertaining  to  the  stimnlns  wave  and  those  pertaining  to  the  con- 
traction wave.  If  this  be  granted,  it  is  more  than  probable  that  the  two  sets  of 
processes  would  be  differently  affected  by  the  constant  current ;  and  that  this 
difference  might  explain  the  results  recorded  in  the  text.  Our  efforts  however 
to  lay  hold  of  this  difference  have  been  hitherto  whoUy  in  vain. 
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2.     The  whole  ventncle,  when  quiescent. 

As  is  well  known,  the  entire  ventricle,  from  which  the  auri- 
cles have  been  carefully  removed,  though  still  retaining  the 
ganglia  situated  at  the  base  of  the  ventricle,  frequently  remains 
perfectly  quiescent,  without  offering  any  spontaneous  beats 
at  all. 

Such  a  ventricle  when  submitted  to  the  action  of  the  con- 
stant current  behaves  exactly  as  does  a  ventricle  from  which 
the  base  has  been  removed.     According  to  the  strength  of  the 
current  in  relation  to  the  irritability  of  the  tissue,  the  effect  of 
the  current  may  be  a  simple  make-  and  break-beat,  a  series  of 
infrequent  pulsations,  or  a  series  of  rapid  pulsations.    The  beats 
are  more  easily  evoked  when  the  kathode  is  placed  at  the  base 
than  when  it  is  placed  at  the  tip.     In  fact,  we  met  with  no  one 
feature  (except  a  greater  irritability,  that  is,  a  greater  readiness 
to  respond  to  comparatively  weak  currents,  and  a  greater  en- 
durance, that  is,  a  capability  of  being  submitted  to  the  action  of 
currents  for  a  longer  time  without  losing  its  activity)  which  we 
could  point  to  as  distinguishing  the  ventricle  possessing  the 
atrioventricular  ganglia  from  one  devoid  of  those  structures. 
This  fact  shews  very  clearly,  on  the  one  hand,  how  entirely 
subordinate  is  the  influence  of  the  ganglia  in  question,  as  far 
as  the  intrinsic  activities  of  the  ventricle  itself  are  concerned ; 
and,  in  the  second  place,  how  little  permanent  damage  is  done 
to  the  ventricle,  as  a  whole,  by  the  rough  section  needed  to 
remove  the  ganglia. 

3.     The  whole  ventricle  beating  spontaneously. 

As  is  well  known  also,  the  frog's  ventricle  will,  in  the  com- 
plete absence  of  auricles  and  sinus  venosus,  frequently  go  on 
beating  spontaneously  for  a  very  considerable  time. 

When  such  a  spontaneously  beating  ventricle  is  submitted 
to  the  action  of  the  constant  current,  the  effects  are  by  no 
means  so  constant  as  in  the  two  cases  we  have  already  dis- 
cussed. 

With  weak  currents,  that  is,  with  one  or  two  Daniell's  cells 
applied  through  small  non-polarisable  electrodes  of  considerable 
resistance,  no  effect  whatever  was  visible.     Both  in  respect  to 
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the  rapidity  of  the  rhythm  and  the  force  and  duration  of  the 
individual  beats,  the  heart  behaved  at  the  making,  at  the 
breaking,  and  during  the  passage  of  the  current,  in  a  perfectly 
normal  manner. 

By  stronger  currents,  such  as  those  supplied  by  three  to  six 
Grove's,  the  heart  was  visibly  affected,  both  at  the  make  and 
break,  and  during  the  passage  of  the  current. 

The  make  and  break  effects  were  fairly  constant,  with  the 
exception  that  they  varied  according  to  the  phase  of  the  cardiac 
cycle  which  was  being  passed  through  at  the  moment  when 
the  current  was  made  or  broken.  Thus,  if  the  current  were 
made  during  a  certain  part  of  the  systole  of  any  beat,  that  beat 
was  followed  by  one  which  was  at  once  premature  and  slight. 
This  in  turn  was  succeeded  by  an  abnormally  prolonged  diastole 
ushering  in  a  beat  larger  than  the  normal ;  after  which,  at  least 
in  the  cases  where  the  current  was  of  such  a  strength  as  only  to 
produce  make  and  break  effects,  and  not  to  affect  the  heart  to 
any  marked  extent  during  the  passage  of  the  current,  the  pul- 
sations were  normal  until  the  break  occuiTed,  which  if  it  took 
place  at  the  same  phase  of  the  systole,  produced  a  similar  effect 
to  the  make.  Hence,  both  at  make  and  break,  a  normal  beat 
was  followed,  first  by  a  short  diastole  and  a  feeble  beat,  and 
then  by  a  long  diastole  and  a  strong  beat ;  and  in  many  cases, 
the  long  and  short  diastoles  made  up  together  the  length  of  two 
normal  diastoles,  and  the  movements  of  the  lever  during  the 
feeble  and  strong  beats  were  together  about  equal  to  the  move- 
ments of  the  lever  during.two  normal  beats.  We  do  not,  how- 
ever, pretend  to  say  that  this  compensation  was  always  exact 
and  complete ;  and  it  was  certainly  less  exact  as  regards  the 
force  of  the  beats  than  as  regards  the  length  of  the  intervals. 

When  the  current  was  made  or  broken  at  certain  other 
phases  of  the  cardiac  cycle,  the  effects  we  have  just  described 
were  replaced  by  others.  Thus,  sometimes  the  initial  beat  was 
enlarged ;  sometimes  no  obvious  effect  at  all  waa  produced. 
We  did  not  make  a  sufficient  number  of  observations  to  work 
the  point  out  thoroughly,  but  hope  to  be  able  to  do  so  at  some 
future  time,  since  the  facts  seem  not  without  interest  as  pro- 
mising to  throw  light  on  the  varying  conditions  of  the  heart  as 
it  passes  through  its  several  phases,  and  to  afford  a  means  of 
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more  accurately  measuring  than  has  hitherto  been   done  the 
duration  of  the  latent  period  of  a  natural  systole  \ 

Far  less  constant  than  the  above  effects  were  those  wfaidi 
made  their  appearance  during  the  passage  of  the  current. 

The  most  frequently  recurring  effect  was,  that  during  the 
passage  of  the  current  the  beats  were  most  distinctly  "lessened, 
and  with  the  stronger  currents  almost  completely  annihilated, 
without  any  marked  change  of  the  rhythm.  This  we  have  seen 
again  and  again,  both  when  the  kathode  was  placed  at  the  | 
base  and  when  it  was  placed  at  the  apex.  | 

We  sought,  by  placing  two  light  levers,  one  near  the  base  I 
and  the  other  near  the  apex,  to  gain  some  insight  into  the  rda- 
tive  movements  of  different  parts  of  the  ventricle;  but  we  J 
found  that  the  varying  pressures  of  the  two  levers,  and  a 
variety  of  other  circumstances,  introduced  so  many  soarces 
of  error,  that  we  were  unable  to  arrive  at  any  Satisfactoiy 
conclusion. 

We  thought  that  in  many  cases^  especially  where  moderate 
currents  were  used,  we  had  fairly  distinct  evidence  that  when 
the  kathode  was  at  the  base  there  was  an  increase  of  move- 
ment at  the  base  and  a  diminution  of  movement  at  the  apex 
during  the  beats,  and  that,  on  the  contrary,  when  the  kathode 
was  at  the  apex  there  was  an  increase  of  movement  at  the 
apex  and  a  diminution  at  the  base ;  there  being  in  both  cases  a 
diminution  in  the  movements  of  a  lever  placed  midway  between 
base  and  apex.  But  our  results  were  not  sufficiently  constant 
to  enable  us  to  lay  stress  on  this,  which  would  point  to  a  tole- 
rably satisfactory  explanation  of  the  total  lessening  effect  of  the 
current  in  whatever  way  applied.  We  may  add,  that  the  same 
lessening  was  seen  when  the  current  was  applied  transversely 
or  obliquely  instead  of  longitudinally. 

We  also  thought  we  noticed  that  there  was  a  tendency  to  a 
quickening  of  the  rhythm,  though  never  very  pronounced,  when 
the  base  was  kathodic,  and  inversely  a  tendency  to  retardation 
when  the  apex  was  kathodic;    but  on  this  point  again  we 

1  Since  the  aboye  observations  were  made  M.  Marey  (Comptes  Rfndus,  1876) 
has  published  a  note  in  which  he  describes  briefly  very  similar  phenomena,  and 
promises  to  deal  with  them  in  fuller  detail  than  we  haye  been  able  to  do. 
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1         cannot,  in  face  of  the  incanstancy  of  our  results,  assert  anything 
distinct  or  certain. 

Nevertheless  there  remains  the  striking  fact  that,  taking 

I  the  ventricle  as  a  whole,  its  spontaneous  pulsations  are  dimin- 

r         ished  by  the  passage  of  a  constant  current  of  sufficient  inten* 

c         sity.     So  that  between  a  quiescent  ventricle  and  one  which  is 

beating  spontaneously,  there  is  this  marked  contrast  in  their 

I  behaviour  under  the  constant  current,  that  whereas  the  current 

I  evokes  pulsations  in  the  quiescent  ventricle,  it  stops,  or  goes  far 

to  stop,  the  pulsations  of  the  pulsating  one.    Thus  the  same 

<;urrent  acting  on  the    same  ventricle,    with    the  electrodes 

exactly  in  the  same  position,  may  at  one  moment  all  but  stop 

pulsations,  and  a  short  time  afterwards,  when  the  ventricle  has 

ceased  to  beat  spontaneously,  call  forth  pulsations  which  are 

in  every  way  like  to  the  pulsations  it  just  before  had  stopped. 

Both  these  effects  were  seen  not  only  in  a  natural  ventricle^ 
but  in  one  which  previous  to  excision  had  been  treated  with 
urari  or  with  atropin  to  a  sufficient  extent  to  do  away  with  the 
inhibitory  action  of  the  vagus.  And  since  the  exciting  effect 
on  the  quiescent  ventricle  has  been  shewn  to  be  independent  of 
the  action  of  ordinary  ganglia,  we  may  fairly  infer  that  the 
restraining  influence  on  the  pulsating  ventricle  has  likewise  but 
little  to  do  with  ganglia,  the  effects  of  both  kinds  being  due  to 
the  direot  action  of  the  current  on  the  cardiac  tissue. 


4.    The  ventricle  and  auricles,  removed  from  ike  body  and 
beating  spontaneously,  wiik  the  cavities  empty. 

The  heart  after  excision  was  placed  on  a  block  of  paraffin 
scooped  out  slightly  so  that  the  heart  remained  in  one  positiou. 
The  electrodes  were  placed  one  at  the  apex  of  the  ventricle 
and  the  other  at  the  sinus  venosus  or  at  the  upper  border  of 
the  auricles  by  the  side  of  the  bulbus.  Sometimes  the  heart 
was  placed  with  the  anterior  surface  uppermost,  sometimes 
undermost.  No  essential  difference  was  observed  in  its  be- 
haviour in  the  two  different  positions. 

As  far  as  the  ventricle  was  concerned  (and  we  paid  no 
particular  attention  to  the  auricle,  the  movements  of  which 
it  is  extremely  difficult  to  record  satisfactorily)  the  effect  of 
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the  current  was  exax^tly  the  same  as  when  the  spontaneouslj 
pulsating  ventricle  was  alone  operated  on.  There  were  the 
same  break  and  make  effects,  and  the  same  diminution  of  the 
beats  during  the  passage  of  tolerably  strong  currents.  The  effects 
were  essentially  the  same  when  urari  or  when  atropin  was  given^ 
as  without  those  drugs;  in  fact  we  failed  to  distinguish  any 
effects  which  could  be  attributed  to  the  inhibitory  mechanisms 
It  seemed  as  if  the  influence  which  the  current  exercised  over 
the  general  cardiac  tissue  overcame  altogether  any  effect 
which  might  be  produced  on  the  purely  nervous  structures, 
and  hence  ventricle  and  auricle  acted  as  two  organs  pbysio- 
logically  isolated,  the  auricle  serving  only  as  a  simple  con- 
ductor of  the  current  to  the  ventricle,  modifying  it  only  by 
offering  resistance  to  its  passage,  but  otherwise  having  no 
effect;  and  vice  versa.  In  this  point  the  frog's  heart  cor- 
responded entirely  with  the  snails  heart,  in  which  we  had^ 
previously  noticed  the  same  physiological  independence. 

5.  The  ventricle  and  auricles  removed  from  the  body  €tfid 
beating  spontaneouslj/,  bvi  with  the  cavities  distended  with 
serum. 

We  commenced  some  observations  with  the  current  applied 
to  the  heart,  fitted  up  for  registering  the  endocardial  pressure 
according  to  the  method  of  Coates  or  of  Bowditch,  The  heart 
was  supplied  with  rabbit's  serum  or  with  rabbit's  blood  diluted 
with  a  '76  per  cent,  solution  of  sodium  chloride,  and  the  electrodes 
were  applied  as  usual.  We  found,  however,  that  the  appli- 
cation of  the  current  produced  at  once  such  a  profound  and 
lasting  change  in  the  rhythm,  the  beats  falling  into  Luciani 
groups  immediately  after  the  passage  of  even  a  comparatively 
weak  current,  and  the  groups  developing  themselves  with 
such  vigour,  that  all  further  observations  were  rendered  im- 
possible. We  have  rarely  seen  an  intermittent  rhythm  so 
markedly  shewn  as  it  was  under  these  circumstances. 

*  I,  e,  p.  825. 
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6.     The  whole  heart  remaining  in  the  body  and  the  circulation 

maintained  intact. 

The  animal  was  sometimes  pithed,  but  more  frequently 
placed  under  urari.  The  heart  was  sometimes  left  in  its 
natural  position,  but  sometimes  a  ligature  was  thrown  round 
the  connective-tissue  band  which  passes  from  the  posterior 
surface  of  the  ventricle  to  the  adjacent  pericardial  wall,  and  the 
heart  turned  over,  so  that  the  apex  pointed  to  the  head,  and 
fixed  in  that  position  by  the  ligature.  Notwithstanding  this 
unusual  position  the  circulation  went  on  very  well;  the  ad- 
vantage of  the  manoeuvre  lay  in  the  fact  that  the  levers 
could  be  more  satisfactorily  placed  on  the  ventricle,  and  the 
electrodes  applied  to  any  part  of  the  sinus  venosus.  One 
electrode  was  placed  against  the  apex,  and  the  other  either 
at  the  upper  border  of  the  auricles  or  at  the  sinus  venosus, 
or,  in  order  to  eliminate  the  auricle,  at  the  auriculo- ventricular 
groove. 

The  main  result  which  we  obtained  by  applying  the  current 
under  these  circumstances  was  one  which  seemed  to  us  very 
striking.  Though  we  employed  tolerably  strong  currents,  ex.  gr. 
six  Grove  cells,  and  as  many  as  twenty-five  Leclanch^  cells,  we 
could  produce  no  other  distinct  effects  than  a  making  and 
breaking  one. 

At  the  make  and  break  we  witnessed  very  frequently,  as 
in  3  and  4,  a  premature  feeble  beat  followed  by  a  long 
pause  and  a  strong  beat,  when  the  current  was  thrown  or  shut 
off  at  the  appropriate  time;  but  during  the  passage  of  the 
current  itself  the  pulsations  of  the  heart  were  in  no  obvious 
manner  different  from  the  normal. 

There  was  perhaps  a  general  tendency  for  the  beats  to  be 
increased  in  force  when  the  kathode  was  placed  at  the  auricles 
or  at  the  base  of  the  ventricle,  and  a  similar  tendency  for  the 
beats  to  be  diminished  when  the  kathode  was  at  the  apex  of 
the  ventricle;  but  this  was  by  no  means  present  with  suf- 
ficient distinctness  and  certainty  to  enable  us  to  say  that  it 
was  a  definite  effect  of  the  current. 

We  applied  the  current  again  and  again,  and  for  several 
seconds  at  a  time,  without  producing  any  other  effects.     It  was 
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only  after  the  lapse  of  several  hours,  during  which  the  ourrent 
had  been  repeatedly  applied,  that  an  intermittence  in  the  beat 
giving  rise  to  irregular  groups  made  its  appearance  during'  aod 
for  some  time  after  the  application  of  the  currentl 

When  one  considers  how  profound  are  the  effects  which  a 
constant  current  of  much  less  strength  than  that  supplied  by 
six  Qrove  cells  produces  when  applied  directly  to  a  nerve,  it 
certainly  does  seem  surprising  that  the  heart  should   be   so 
little  influenced  by  the  constant  current    The  behaviour  to- 
wards the  constant  current  of  the  heart  supplied  under  nor- 
mal conditions  with  its  proper  nutritive  fluid,  when  cooipared 
with  the  behaviour  of  the  same  heart,  either  deprived   al- 
together of  blood,  or  fed  with  serum  only,  indicates  that  the 
apparent  indifference  of  the  former  is  the  result  of  recupera- 
tive influences  exercised  by  the  blood-supply,  and  absent  in 
the  case  of  the  latter.    Some  share  in  the  difference  between 
the  two  might  be  referred  to  the  isolation  of  the  excised  heart 
placed  on  the  paraffin  block,  nearly  the  whole  of  the  current 
under  these    circumstances  passing  into  the  heart,  whereas 
when  the  current  is  applied  to  the  heart  in  the  body,  some 
of  it  may  escape  into  the  surrounding  tissues ;  but  this  share 
can  only  be  a  very  slight  one.    The  real  cause  of  the  difference 
Hes  in  the  fiEU^t,  that  the  heart  which  enjoys  a  rich  and  continuous 
blood-supply  can  accommodate  itself  rapidly  to  the  new  cir- 
cumstances in  which  it  is  placed  by  the  passage  of  the  current, 
while  the  nutrition  of  the  heart  without  a  blood-supply  is 
too  slow  and  too  feeble  to  enable  it  to  do  so.    That  the  cur- 
rent did  produce  an  effect  during  the  whole  time  of  its  passage, 
(though  its  action  was  at  a  maximum  soon  after  the  make),  was 
shewn  by  the  effect  at  breaking.     During  the  whole  of  this 
time  katelectrotonic  and  anelectrotonic  phases  were  established 
in  the  ventricle,  otherwise  the  occurrence  of  the  breaking 
phenomena  would  be  unintelligible.      Tet  in  spite  of  this 
the  heart  continued  to  beat  during  the  passage  of  the  current 
at  a  rate  and  with  a  vigour  which  careful  measurements  shewed 
to  differ  but  very  slightly  indeed,  if  at  all,  from  the  rate  and 
the  vigour  which  obtained  previous  to  the  application  of  the 
current.     Even  in  the  cases  where  a  distinct  break  effect  was 
absent  (and  the  absence  or  character,  when  present,  of  the  break 
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effect  seemed  to  depend  chiefly  on  the  exact  phase  of  the  car- 
diac cycle  in  which  the  heart  was  engaged  at  the  moment  when 
the  current  was  broken),  it  would  be  unreasonable  to  suppose 
that  the  currebt  was  without  effect  or  had  ceased  to  have  any 
effect;  for  it  can  hardly  be  imagined  that  the  well-nourished 
and  therefore  more  susceptible  heart  would  be  less  affected  by 
the  current  than  the  ill-nourished  and  therefore  less  susceptible 
heart.  It  is  surely  far  more  in  consonance  with  all  the  facts  to 
believe  that,  as  we  suggested  above,  the  conditions  which  we  know 
as  katelectrotonus  and  anelectrotonus  are  developed  in  connection 
with  spontaneous  pulsations,  so  that^  whenever  a  constant  current 
is  applied  a  struggle  takes  place  between  so  to  speak  the  natural 
and  the  artificial  electrotonic  conditions,  resulting  in  a  defeat  of 
the  heart  when  the  heart  is  weak  and  the  current  strong,  and  in 
an  apparent  neglect  of  the  current  when  the  heart  is  sufficiently 
active.  In  this  sense  we  could  not  speak  of  any  permanent 
electrotonic  condition  lasting  during  the  whole  time  of  the 
passage  of  the  current ;  since  the  intensity  of  the  katelectrotonic 
and  anelectrotonic  changes  would  vary  during  the  phases  of 
each  cardiac  cycle,  and  thus  develope  or  not  a  breaking  effect, 
according  to  the  moment  at  which  the  current  was  broken. 

An  idea  presented  itself,  but  only  to  be  rejected,  that  the 
pulsations  which  occurred  during  the  passage  of  the  current 
were  not  real  spontaneous  beats,  but  artificiid  beats  simulating 
true  ones  produced  by  a  current  which  was  strong  enough  at 
the  same  time  to  place  hors  de  combat  the  ordinary  automatic 
nervous  mechanisms.  This  idea  was  negatived  not  only  by  the 
fact  that  the  rhythm  did  not  vary  with  the  strength  of  the 
current,  but  also,  and  more  distinctly  so,  by  the  fact  that,  as  we 
subsequently  found,  the  nervous  (inhibitory)  mechanisms  were 
able  to  produce,  when  stimulated,  their  usual  effects  in  spite  of 
the  presence  of  a  strong  current. 

7.  The  ventricles  cmd  the  auriclee  brought  to  a  standstill  by 
Starmiud  experiment  {section  of  the  boundary  between 
auricles  and  sinus  venostis). 

When  the  heart  of  the  frog  is  brought  to  a  standstill  by 
this  operation,  any  stimulus  applied  to  the  ventricle  gives  rise 
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to  a  beat  in  which  the  ventricular  systole  occurs  before  the 
auricular.  A  series  of  beats  in  which  this  reverse  rhythm  is 
manifested,  the  auricle  in  each  case  contracting  regularly  after 
instead  of  before  the  ventricle,  may  follow  upon  the  application 
of  a  single  stimulus.  This  remarkable  feature  of  the  Stannios' 
standstill  was  observed  by  that  acute  observer  Von  BezoW 
(whose  early  death  physiology  has  so  often  to  deplore),  bat 
apparently  has  not  distinctly  attracted!  the  notice  of  subsequent 
investigators. 

Bernstein'  states  that  when  a  constant  current  is  applied 
lengthways  to  the  heart  in  this  condition  rhythmic  pulsations 
(beginning  with  the  making  and  ending  with  the  breaking  of 
the  current)  are  produced  in  the  direction  of  the  current;  er. 
gr.  that  the  ventricle  beats  before  the  auricle  when  the  anode 
is  placed  at  the  apex  of  the  ventricle  and  the  kathode  at  the 
auricles,  while  the  auricles  beat  first  when  the  kathode  is  placed 
at  the  apex  and  the  anode  at  the  auricles. 

Bernstein  worked  with  somewhat  strong  currents,  and  did 
not  sufficiently  vary  the  strength  in  different  experiments.  We 
find  that  the  result  is  in  close  dependence  on  the  strength  of 
the  current;  and  in  a  series  of  experiments  in  which  the 
strength  of  the  current  was  progressively  increased  we  obtained 
the  following  effects. 

The  animal  was  generally  poisoned  with  urari  in  order  to 
eliminate  the  effects  of  stimulation  of  the  vagus  due  to  the 
section  from  the  direct  effects  of  the  Stannius'  operation ;  the 
section  was  made  through  the  junction  of  the  sinus  venosiis  and 
auricles;  the  heart  was  laid  on  a  paraffin  block,  and  when  by  its 
perfect  quiescence  the  operation  was  seen  to  have  been  suc- 
cessful, the  current  was  applied  by  means  of  non-polarisable 
electrodes. 

With  the  weakest  currents  no  effect  at  all  was  produced. 
With  somewhat  stronger  currents  rhythmic  pulsations  were 
set  up  on  making  the  current,  continued  for  a  shorter  or 
longer  time  during  the  passage  of  the  current,  and  as  a  rule 
ceased  on  the  breaking  of  the  current.  Both  when  the  base 
was  kathodic  and  when  the  apex  was  kathodic,  the  beat  of 

*  Physiol,  d,  Herzbewegung.    Vircho'w's  Archiv^  xiv. 

•  Nerv  und  Muskel,  Abschiiitt.  v.  b.  206. 
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the  auricle  succeeded  instead  of  preceding  the  beat  of  the 
ventricle. 

When  still  stronger  currents  were  applied  the  difiference  be- 
tween the  case  where  the  apex  was  kathodic  and  the  case  where 
it  was  anodic  became  evident.  When  the  apex  was  anodic, 
rhythmic  pulsations  proceeding  continuously  from  the  ventricle 
to  the  auricle  were  set  up,  the  rhythm  being  more  rapid  than 
with  the  weaker  currents.  The  beats  continued  during  the  whole 
time  of  the  passage  of  the  current  When  the  apex  was  kathodic 
the  beats  were  at  first  in  the  order  ventricle-auricle ;  then  came 
a  pause  of  variable  duration,  after  which  rhythmic  pulsations 
reappeared,  but  with  the  auricles  heating  before  the  ventricle. 

With  still  stronger  currents  the  events  when  the  apex  was 
anodic  remained  as  before.  When  however  the  apex  was  katho- 
dic the  reversal  of  the  order  of  rhythm  took  place  very  early, 
so  that  after  one  or  two  beats  the  order  ventricle-auricle  was 
replaced  by  the  order  auricle-ventricle. 

The  following  details  of  a  series  of  experiments  will  perhaps 
,  put  the  facts  in  a  clearer  light. 

Bana  esculenta;  urori  given.  Stannius'  expeiiment  successful; 
heart  perfectly  quiescent. 

Exp.  1.  Current  supplied  by  1,  3  and  5  LeclanchI  cells  respec- 
tively. No  effect  at  all  produced  by  the  current  applied  in  either 
direction  for  30  seconds.  Heart  remains  perfectly  quiescent  during 
and  after  the  application  of  the  current. 

Exp.  2.  Current  supplied  by  7  Leclanch^  cells.  Current  applied 
*for  30  sees.  Y  means  beat  of  ventricle  only.  A,  beat  of  auricles  only. 
YA,  beat  in  which  the  ventricle  precedes  the  auricle.  AY,  beiit 
in  which  the  auricle  precedes  the  ventricle.  The  first  column  gives 
in  each  case  the  time  of  each  beat  measured  from  the  making  of  the 
current. 


Apex  kathodic.  Apex  anodic. 

After       *5  sec.  Y.  After  12  seca  YA.    Beat  of  ventricle: 

,»        1       n     A.  very  large. 

„        4       „       VA,  „       27     „     YA.  „ 

„        7       „     YA.  „      30     „  current  broken. 

„     30       „  current  broken.  (No  breaking  beat.) 

(No  breaking  beat.) 

VOL.  X.  50 
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Exp.  3.    Carrent  supplied  by  7  Leclancb6  cells ;  No.  2  repeated. 

Apex  kathodic.  Apex  anodia 

After    '5  sec.  V.  After    1-6  sec.  VA- 

»      1       »     A.  „      10      „     V  A* 

„    13      „     vA-  „     24     „     VA. 

„    25       „     VA.  „     30     „  bi-eak. 

„    30       „  break.  (No  breaJking  beatb) 
(No  breaking  beat) 

Afber  the  experiment  with  apex  kathodic  had  been  made,  the 
heart  was  lightly  touched,  once  only,  with  a  cameFs-hair  brush  soaked 
in  a  '75  solution  of  sodium  chloridei  This  was  done  for  the  puipoae 
of  moistening  the  surface  of  the  heart.  A  beat  in  which  the  Tentride 
preceded  the  auricle  immediately  took  place.  This  was  followed  by 
beats,  in  which  the  ventricle  similarly  preceded  the  auride,  at  in- 
tervals of  10,  20,  40,  80,  120  seconds  respectively  after  the  application 
of  the  brush.  The  heart  then  became  perfectly  quiescent,  and  the 
other  half  of  the  experiment,  i.e.  with  the  apex  anodic,  was  proceeded 
with. 

Exp.  4.    Current  supplied  by  10  Leclanch6  cells. 


Apex  kathodic. 

Apex  anodic. 

After    -6  sec.  VA. 

After  5  sees.  V. 

„       4„     VA. 

f,     5-6  „    A. 

„       7      „     VA. 

„    16    „    VA. 

„    30     „    VA. 

„    25    „    VA- 

„    30    „    VA. 

In  this  case  it  was  difficult  to  say  if  the  last  beat  in  each  -wsa  a 
simple  breaking  beat  or  not.  In  the  case  where  the  apex  was 
kathodic,  the  long  interval  preceding  (from  7  to  30  sees.)  would  seem  to 
shew  that  the  beat  was  a  breaking  beat;  but  where  the  apex  was 
anodic  this  is  not  so  clear. 


Exp.  5,    Current  supplied  by  15  Leclanche  cells. 

Apex  kathodic.  Apex  anodia 

After    -5    sec.   VA.  Aftw    1    see.  VA. 

»     3-5      „     VA.  „       4      „  VA. 

„    13        „     VA.  „       9      „  VA. 

„    21        ,,     VA.  „     13      „  VA. 

„    29-5     „     VA.  „      18      „  VA. 

„    30       „  break.  „     225  „  VA. 

(No  breaking  beat.)  „     26      „  VA. 


„  w  „ 


30      „   break. 
(No  breaking  beat.) 
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Exp.  6.    Current  supplied  by  20  Leclancli^  cells. 


Apex  kathodic. 

Apex  anodic. 

After    -3 

OCV« 

VA, 

After    1 

sec. 

VA. 

»     3 

99 

VA. 

»> 

4-5 

9> 

VA. 

n      5 

>» 

VA. 

» 

8 

99 

VA. 

„     7-5 

9> 

VA. 

>) 

11 

)» 

VA. 

„   10 

t9 

VA. 

ff 

15 

99 

VA. 

„   13 

n 

VA. 

if 

19 

99 

VA. 

» 

21 

99 

VA. 

„    26 

if 

AV. 

>9 

24-5 

99 

VA. 

„   32 

>» 

AV. 

» 

28 

99 

VA. 

n 

30 

99 

VA. 

The  last  boat  registered  with  the  apex  anodic  was  not  a  strictly 
breaking  beat ;  the  contraction  began  before  the  current  was  actually 
shut  off. 

In  the  case  where  the  apex  was  kathodic  the  current  was  kept  on 
two  seconds  beyond  the  half  minute,  being  broken  immediately  after 
the  commencement  of  the  last  beat  rogistered. 


Exp.  7.    Current  supplied  by  20  Leclanch^  cells. 


Apex  kathodia 

Apex  anodic. 

After    -2 

Beo. 

VA. 

After  2    sees.  VA. 

„     6 

n 

VA. 

99 
99 

3      „     VA. 

6-5  „     VA. 

„    10 

AV. 

99 

10      „     VA. 

,,    14 

AV. 

99 

13      „     VA. 

„    16 

AV. 

9^9 

17      „     VA. 

„    19 

AV. 

99 

19      „     VA. 

„   22 

AV. 

99 

22      „     VA. 

„    25 

AV 

■99 

24-5  „     VA. 

„    28 

AV. 

99 

28-5  „     VA. 

„    30 

AV. 

99 

30      „     VA. 

In  the  case  where  the  apex  was  anodic,  at  the  beginning  and  at 
the  end  of  the  series  a  distinct  interval  was  visible  at  each  beat 
between  the  contraction  of  the  ventricle  and  that  of  the  auricles  ;  in 
the  middle  of  the  series,  on  the  other  hand,  the  beat  of  the  auricles 
came  so  rapidly  after  that  of  the  ventricle  that  they  appeared  almost 
synchronous,  and  it  became  very  difficult  to  say  that  the  ventricle  did 
really  precede  the  auricles. 

In  this  and  several  preceding  experiments,  the  beat  of  the  ventricle 
when  it  preceded  that  of  the  auricles  was  seen  to  be  preceded  in  tui*n 
by  a  beat  of  the  bulbus  arteriosus. 

It  will  be  seen  from  the  above,  which  is  one  of  many  expe- 
riments having  exactly   the  same  general  features,  that  our 

50—2 
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results  in  large  measure  agree  with  those  of  Bemstein\  though 
they  differ  to  such  an  extent  ss  to  prevent  our  accepting  the 
interpretation  given  by  that  inquirer. 

That  interpretation,  if  we  understand  it  aright,  is  a£  follows. 
When  the  apex  is  made  anodic, — ^when  therefore  the  current  may 
in  relation  to  the  heart  be  said  to  be  ascending, — ^the  nerves 
which  descend  from  the  atrio-ventricular  ganglion  to  the  ven- 
tricle, are  at  their  origin  from  the  ganglion  thrown  into  katelec- 
trotonus.  This  weakens  the  development  of  the  molecular 
inhibitory  processes  in  these  nerves  at  their  origin  from  the 
ganglion,  and  thus  favours  the  development  of  a  beat.  The 
ventricle,  thus  assisted,  in  consequence  beats  before  the  auricle. 
When,  on  the  other  hand,  the  apex  is  made  kathodic,  and  thus 
the  current  descending,  the  same  ventricular  nerves  are  thrown 
into  anelectrotonus,  which  favours  the  molecular  inhibitofy 
processes.  The  ventricle  thus  hampered  beats  after  the  auricle. 
Further,  while  the  nerves  descending  to  the  ventricle  are  thus 
being  affected  by  the  respective  currents,  the  nerves  ascending 
from  the  ganglion  to  the  auricles  are  being  affected  in  exactly 
the  converse  manner;  so  that  while  inhibition  is  being  aug- 
mented in  the  ventricle,  it  is  being  decreased  in  the  auride,  and 
vice  versd.  Hence  the  dependence  of  the  sequence  of  the 
rhythm  on  the  direction  of  the  current. 

Now,  in  the  first  place,  this  view  entirely  overlooks  the  im- 
portant fact  that  in  the  remarkable  condition  brought  about  by 
Stannius'  operation  the  sequence  of  auricle  upon  the  ventricle 
is  the  normal  order  of  the  rhythm  of  the  beat.  One  instance  of 
this  has  been  mentioned  in  the  foregoing  experiment  (3)  ;  and 
it  will  be  observed  that  the  stimulus,  itself  of  the  slightest 
character,  was  followed  not  by  one  but  by  a  series  of  beats,  in 
each  of  which  the  contraction  of  the  auricle  followed  that  of  the 
ventricle.  Many  more  instances  of  the  same  kind  might  be 
given.  No  great  stress  could  be  laid  on  a  single  beat  with  this 
abnormal  sequence  making  its  appearance ;  but  the  fact  that  a 
whole  series  having  the  same  character  should  be  regularly 
carried  on,  after  being  started  only  by  the  very  slightest  stimu- 

^  We  failed  altogether  to  observe  the  making  and  breaking  ''simiiltAiieoaB 
contractions  of  aU  parts  of  the  heart"  of  which  Bernstein  speaks.  This  is  pro- 
bably to  be  explained  by  the  fact  that  our  cnrrents  were  in  general  weaker  tlum 
those  used  by  him. 
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lus,  shews  that  the  heart  must,  under  the  circumstances,  be  in  a 
peculiar  condition.  No  such  change  of  the  order  of  rhythm  is 
witnessed  in  ordinary  pneumogastric  inhibition ;  and  there  are 
many  reasons,  to  which  we  shall  presently  add  a  new  one,  for 
concluding  that  the  standstill  produced  by  Stannius'  operation 
is  fundamentally  different  in  nature  from  that  produced  by 
stimulation  of  the  pneumogastric. 

Hence  what  needs  to  be  explained  is  not  so  much  why  with 
the  apex  anodic  (or  current  ascending)  the  ventricle-auricle 
order  of  rhythm  is  maintained,  as  why  with  the  apex  kathodic 
(or  current  descending)  this  natural  order  of  rhythm  is  ex- 
changed for  that  of  auricle-ventricle,  which  in  a  heart  during  a 
Stannius'  standstill  is  an  abnormal  rhythm. 

In  the  second  place,  the  reversal  of  the  order  is  only  obtcdned 
with  comparatively  strong  currents,  and  in  none  of  the  cases  we 
have  had  under  our  notice  did  it  occur  on  the  making  of  the 
current,  being  always  preceded  by  one  or  more  beats  in  which 
the  order  was  ventricle-auricle,  though  we  are  not  prepared  to 
say  that  with  still  stronger  currents  than  those  we  used  the 
reversal  might  not  coincide  with  the  beginning  of  the  applica- 
tion of  the  current.  Bernstein^  seems  to  have  observed  this 
reversal,  but  in  the  opposite  sense,  and  he  does  not  appear 
to  have  paid  much  attention  to  it.  His  explanation  moreover 
fails  to  explain  why  a  current  of  moderate  intensity  should  pro- 
duce a  reversal  in  the  6ourse  of  or  towards  the  end  of  its  action; 
see  antea,  Exp.  6. 

No  solution  of  the  phenomena  can  be  considered  satisfactory 
which  is  not  at  the  same  time  a  solution,  or  an  approximation 
towards  a  solution,  of  the  difficult  problem,  why  in  a  normal 
heart-beat  the  sequence  of  the  constituent  contractions  is  always 
such  as  it  is,  even  in  a  heart  whose  cavities  are  empty,  and  in 
which  therefore  the  filling  or  distension  of  one  cavity  by  the 
contraction  of  another  can  have  no  share  in  the  matter.  That 
the  sequence  is  not  the  result  of  any  fixed  molecular  constitu- 
tion of  the  ganglia  is  shewn  by  the  very  fact  of  the  possibility 
of  its  reversal.  That  the  sequence  may  be  changed  by  circum- 
stances indicates  that  its  normal  character  is  due  to  a  concur- 
rence   of   circumstances,  which  concurrence  is  more  readily 

1  I.  c.  p.  223, 
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brought  about  than  any  other  arrangement.    I£  we  suppose  the 
several  parts  of  the  heart,  ventricle,  auricle,  sinus  venosus,  &c^ 
to  be  mere  passive  instruments  receiving  stimuli  or  impuLses  to 
contraction  from  some  conmion  automatic  ganglion  (situate  in 
the  sinus  venosus  or  elsewhere), — ^the  sequence  of  the  impulses 
being  determined  by  molecular  changes  in  that  ganglion  and  id 
that  alone, — ^then  changes  taking  place  in  the  ventricle  can  ooalj 
affect  the  extent  and  character  of  its  own  contraction,  ajid  not 
in  any  way  the  sequence  of  the  rhythm;  and  so  with  oiha 
parts.    In  the  experiments  above  recorded  a  definite  sequence  of 
one  kind  or  of  the  other  was  observed  in  the  entire  absence  of 
the  sinus  venosus.    On  the  above  view  they  must  be  produced 
by  a  ganglion  or  ganglia  situate  in  the  auricles.     We  must 
further  admit  that  this  ganglion  is  the  seat  of  the  normal 
sequence  in  rhythm  of  the  entire  heart,  or  suppose  that  in  the 
absence  of  the  sinus  venosus  a  ganglion,  hitherto  having  no 
share  in  the  direction  of  the  sequence,  comes  into  play.     All  of 
which  is  very  complicated  and  unsatisfactory. 

On  the  other  hand,  we  have  the  undoubted  fact  that  the 
ventricle  alone  (or  even  part  of  the  ventricle),  the  auricles  alone, 
the  sinus  venosus  alone,  and  the  bulbus  arteriosus  alone,  can 
carry  on  each  by  itself  a  rhythmic  pulsation  of  long  duration 
and  wholly  like  that  of  the  entire  heart  This  means  that  ead 
of  these  several  parts  of  the  heart  has  a  rhythm  of  its  own 
dependent  on  its  own  circumstances,  including  under  dream- 
stance  everything  which  affects  the  nutrition  both  of  its  muscu- 
lar and  nervous  elements.  Now  when  ventricle  and  auricle  are 
separated  from  each  other,  they  beat  each  with  an  independent 
rhythm;  but  when  physiologically  connected,  they  beat  in  ^ 
harmony  and  in  sequence.  It  is  impossible  to  conceive  of  this 
harmony  being  accomplished  otherwise  than  by  some  mutual 
action  of  the  two  upon  each  other.  We  cannot  suppose  that 
any  event  connected  with  the  contraction  of  the  one  (such  as 
the  negative  variation  of  the  natural  current)  by  acting  as  a 
stimulus  determines  the  contraction  of  the  other.  For,  in  that 
case,  the  systole  of  the  ventricle  would  provoke  a  systole  of  the 
auricles,  as  weU  as  the  systole  of  the  auricles  a  systole  of  the 
ventricle,  and  a  rhythmic  pulsation  with  long  pauses  between 
the  whole  beat  (of  both  auricles  and  ventricle)  would  be  impos- 
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sible.  Moreover,  a  weakly  ventricle  yoked  to  strong  auricles 
would  soon  be  driven  to  exhaustion,  and  vice  versd.  We  are 
thus  driven  to  the  conclusion  that  the  beat  of  either  organ  is 
dependent  not  only  on  its  own  circumstances,  but  also  on  the 
circumstances  of  its  fellow ;  that  the  rhythm  of  the  auricles,  for 
instance,  is  dependent  not  only  on  their  own  condition,  but  also 
on  that  of  the  ventricle.  That  just  as  the  beat  of  the  ventricle 
or  of  a  part  of  the  ventricle  is  determined  by  the  condition  of 
the  whole  of  the  ventricle  or  the  whole  of  the  part  (the  physio- 
logical continuity  of  the  tissue  permitting  each  fibre  or  bundle  of 
fibres  to  influence  all  the  other  fibres  by  a  sort  of  muscular  sense, 
SO  that  each  fibre  or  bundle  of  fibres,  instead  of  pulsating  in  a 
rhythm  of  its  own,  joins  all  the  other  fibres,  or  bundles,  in  a 
rhythm  which  is  that  of  the  whole  tissue),  in  the  same  way  the 
condition  of  the  whole  ventricle  (the  summation  of  the  condition 
of  the  several  fibres)  is  able,  by  the  nervous  continuity  of  auricle 
and  ventricle,  to  affect,  and  in  turn  be  affected  by,  the  con- 
dition of  the  auricles,  which  again  is  the  summation  of  the 
condition  of  the  several  auricular  fibres.  Were  it  permitted  to 
speak  of  feeling  in  the  absence  of  consciousness,  we  might  say 
that  just  as  each  fibre  of  the  ventricle  (or  auricle)  feels  the 
condition  of  and  exerts  in  consequence  an  action  on  all  the  other 
fibres,  whereby  a  harmony  of  the  whole  ventricle  (or  auricle)  is 
established,  so  the  auricles  feel  the  condition  of  and  exert  an 
action  on  the  ventricle,  and  vice  versd,  whereby  the  harmony  of 
the  two  is  maintained ;  the  nervous  structures  connecting  them 
being  the  agents  of  the  intercourse,  the  nerve-fibres  probably 
serving  simply  as  conductors,  while  in  the  nerve-cells  processes 
may  go  on  which  stand  io  about  the  same  relation  to  processes 
taking  place  in  the  more  purely  muscular  elements  that  arith- 
metical operations  on  logarithms  do  to  operations  on  the  corre- 
sponding numbers. 

If  it  be  permitted  to  hold  some  such  provisional  view  as 
that  which  we  have  just  attempted  to  sketch,  we  should  be 
obliged  to  add,  that  in  the  normal  heart  the  nutrition  of  all 
parts  of  the  heart  is,  so  to  speak,  tuned  for  the  production  of  a 
beat  with  the  normal  sequence  of  sinus  venosus,  auricle,  ven- 
tricle, and  bulbus.  And  further,  that  though  the  rhythm  is 
at  bottom  dependent  on  the  condition  of  the  whole  heart,  yet 
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each  cardiac  cycle  b  set  going  by  the  contraction  of  the  siniu^ 
the  pulsation  of  that  part  having  just  the  effect  necessary  to 
start  the  already  prepared  auricle,  and  this  in  tarn  the  ventricle^ 
Hence  one  might  readily  imagine  that  after  removal  of  the 
sinus  yenosus  (putting  aside  the  effects  of  the  section),  the  hear^ 
having  lost  so  to  speak  its  leader,  would  be  at  a  loss  how  to 
beat.  When  it  did  begin  to  beat  we  should  expect  it  to  best 
in  the  order  auricle-yentricle.  The  facts,  however,  that  m 
Stannius'  experiment  the  order  ventricle-auricle  makes  its 
appearance,  and  that  the  ventricle  separated  from  the  amides 
resumes  its  pulsations,  while  the  auricles  remain  quiescent^  shew 
that  loss  of  leadership  is  not  the  sole  cause  of  the  standstill, 
but  that  some  inhibitory  work  (not  however  of  the  pneumo- 
gastric  kind)  is  going  on,  which  inhibition  bears  more  partica- 
larly  upon  the  auricles.  Both  auricle  and  ventricle  are  prepared 
to  beat  upon  a  sufficient  stimulus,  but  they  are  restrained  from 
spontaneous  pulsation  by  the  (at  present  inexplicable')  inhibitoiy 
influences  started  by  the  section  (or  ligature)  of  the  ^us 
venosus,  the  auricle  being  more  restrained  than  the  ventricle. 
Hence  when  a  slight  stimulus  lb  applied  to  the  heart,  a  beat, 
in  the  order  ventricle-auricle,  is  produced;  and  that  beat»  as 
we  know  from  the  researches  of  Bowditch,  being  beneficial  to 
the  heart,  and  the  inhibitory  influences  still  continuing  to  work 
more  upon  the  auricle  than  the  ventricle,  the  initial  beat  may 
be  followed  by  many  others  having  the  same  sequence  <^ 
ventricle-auricle. 

So,  with  weak  constant  currents,  which  may  be  regarded  as 
slight  stimuli,  the  same  kind  of  pulsation,  the  same  sequence  of 
ventricle-auricle,  is  produced,  whether  the  current  be  ascend- 
ing or  descending* 

It  is  well  known  that  the  make  and  break  of  a  constant 
current  is  a  more  powerful  stimulus  on  muscle  them  an  in- 
duction-shock, there  being  in  this  point  a  remarkable  differ- 

^  We  say  "at  present  inexplicable"  becanse  the  Stannins*  standstill  has  not 
yet,  in  spite  of  all  that  has  been  written  on  it,  been  fully  cleared  np.  The  fiust 
that  the  standstill  takes  place  when  the  endings  of  the  yagns  fibres  hare  beea 
paralyzed  by  atropin,  proves  that  the  inhibition  is  not  due  simply  to  tb^ob 
stimulation.  On  the  other  hand  the  curious  results  of  Pa^iani  {MolaehoU^g 
Untenuch,  zi.  p.  368),  shewing  that  gradual  separation  of  the  sinus  will  not  pio> 
duoe  standstill,  disprove  the  view  that  the  removal  of  an  automatic  c*^ngii/>y^  in 
the  sinus  is  the  whole  cause  of  the  qoiescenoe. 
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ence  between  ordinary  muscle  and  ordinary  nerve.      In  the 
course  of  our  experiments  we  have  been  gradually  impressed 
with  the  view  that  in  appljring  the  constant  current  to  the 
heart,  the  effects  which  are  produced  (and  we  cannot  help 
thinking  that  electrolysis  has  much  more  to  do  with  these 
than  is  generally  admitted)  by  the  action  of  the  current  on  the 
more  distinctly  muscular  elements  override  those  which  are  due 
to  the  action  of  the  current  on  the  more  distinctly  nervous 
elements.     We  may  indeed  go  almost  so  far  as  to  say  that 
the  former  put  the  latter  altogether  on  one  side.     So  that  in 
studying  the  action  of  the  current  on  the  auricles  and  ventricle, 
we  have  been  led  to  consider  merely  its  action  on  the  muscular 
elements  of  the  ventricle  and  of  the  auricles  respectively,  with- 
out paying  any  attention  to  either  the  inhibitory  or  any  other 
nervous  mechanisms  present  or  supposed  to  be  present.    We 
have  at  least  never  met  with  any  satisfactory  evidence  of  the 
excitation  of  these  nervous  structures  playing  any  part  in  the 
phenomena  with  which  we  have  had  to  deal. 

Hence  in  applying  the  constant  current  to  the  auricles 
and  ventricle  we  have  •  considered  only  the  effects  on  the 
muscular  tissue  of  the  one  and  of  the  other.  Now  the 
ventricle,  just  as  it  is  more  muscular,  is  more  susceptible  to 
the  action  of  the  current  than  the  auricle.  It  is  more  espe- 
cially in  the  ventricle,  we  might  say  exclusively  in  the  ven- 
tricle, that  any  difference  is  observable  between  the  effects 
of  the  ascending  and  those  of  the  descending  current.  In 
studying  the  snail's  heart  we  were  very  much  struck  with 
the  greater  susceptibility  of  the  ventricle  as  compared  with 
the  auricle.  The  latter  is  far  less  readily  inhibited  by  the 
interrupted  current  than  the  former,  less  easily  roused  from 
quiescence  into  pulsations  by  the  constant  current,  less  easily 
checked  by  the  constant  current  when  beating  spontaneously. 
Whether  these  facts  are  to  be  explained  as  mass  effects  or 
in  some  other  way,  the  frog's  heart,  in  spite  of  the  presence 
of  all  its  nerves  and  ganglia,  acts  in  these  respects  very  simi- 
larly to  a  snail's  heart ;  and  we  venture  to  suggest  that  this 
greater  susceptibility  to  extrinsic  influences  of  the  ventricle  as 
compared  with  the  auricle  has  to  do  both  with  the  inverted 
order  of  sequence  so  characteristic  of  the  heart  during  the 
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Stannius'  standstill,  and  with  ihe  fact  that  the  same  order  is 
also  visible  in  pulsations  called  forth  by  weak  constant  currents. 

The  reversal  which  takes  place  during  the  action  of  the 
descending  current  is  not  so  easy  to  explain;  and  it  is  with 
the  greatest  hesitation  that  we  submit  the  following  sog* 
gestions. 

In  the  first  place,  in  the  course  of  many  repeated  obser- 
vations, we  were  struck  with  the  fact  that  the  descending 
current  had  distinctly  a  more  exhausting  effect  on  the  heart 
than  the  ascending  current.  During  the  minutes  which  fol- 
lowed upon  the  application  of  the  descending  current  for  30 
seconds,  the  heart  was  less  irritable  than  it  was  after  the 
application  of  the  ascending  current  for  the  same  time.  So 
that,  unless  care  were  taken  to  allow  sufficient  intervals  of 
restorative  rest,  the  primary  effects  of  the  action  of  the  cur- 
rent were  obscured  by  the  secondary  effects  of  exhaustion. 
This  exhaustion  was  of  course  more  evident  with  strong  than 
with  weak  currents.  The  fact  that  the  reversal  takes  place 
with  weaker  currents  towards  the  end  and  with  stronger  cur- 
rents towards  the  beginning  of  the  action  of  the  current, 
points  very  distinctly  to  exhaustion  as  a  prominent  factor  in 
its  causation. 

In  the  second  place,  if  we  may  assume,  in  accordance 
with  Pfliigei^s  results  on  nerves,  that  with  weak  corrents 
the  neutral  point  lies  near  the  anode,  then  so  long  as 
the  current  is  not  too  strong  a  large  part  of  the  ventricle 
will  always  be  in  the  condition  of  katelectrotonus,  so  that 
whether  the  base  or  the  apex  be  kathodic,  the  area  of 
katelectrotonic  tissue  in  the  ventricle  is  sufficient  to  maintain 
the  greater  susceptibility  of  the  ventricle  as  compared  with  the 
auricle.  As  the  current  becomes  stronger,  the  neutral  line 
is  driven  nearer  and  nearer  to  the  kathode.  Under  these 
circumstances,  when  the  current  is  descending  the  base  be- 
comes largely  anodic.  This  condition  of  the  ventricle,  with 
the  base  anodic  and  the  apex  kathodic,  as  shewn  very  dis- 
tinctly by  the  phenomena  of  the  snail's  heart,  and  more 
or  less  forcibly  illustrated  by  the  foregoing  observations  on 
the  frog's  heart,  is  equivalent  to  a  preponderating  anodisa- 
tion  of  the  entire  ventricle,  more  being  lost  by  the  anodic 
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condition  of  the  broad  base  than  is  gained  by  the  kathodic 
condition  of  the  narrow  apex.  And  this  anodic  condition 
added  to  the  exhaustion  (of  which  it  is  probably  the  cause) 
80  depres3e8  the  ventricle  that  the  auricle  gains  the  upper 
hand  and  precedes  it  in  each  beat;  the  depression  of  the 
ventricle  however  not  being  so  intense  as  to  prevent  it  from 
following  the  auricle  at  each  beat 

When,  on  the  other  hand,  a  strong  current  is  ascending, 
and  the  base  therefore  is  kathodic,  however  much  the  neutral 
line  is  driven  near  to  the  base,  there  is  always  left  an  area 
of  kathodic  tissue  at  the  broader  poUent  base  sufficient  just 
to  maintain  that  preponderance  of  the  ventricle  over  the 
auricle  which  is  the  characteristic  of  Stannius*  standstill ;  and 
exhaustion  not  being  produced  so  readily  in  this  case  as  in 
the  other,  the  rhythm  ventricle-auricle  is  carried  on  in  spite 
of  the  peculiar  condition  of  the  former. 

We  repeat  that  we  put  forward  this  explanation  with 
much  hesitation,  but  we  submit  that  it  is  founded  on  at 
least  no  greater  assumptions  than  that  of  Bernstein.  At  any 
rate  our  view  has  a  certain  value  in  reducing  the  phenomena  to 
known  actions  of  the  constant  current  on  irritable  tissues. 


8.    The  heart  brought  to  a  standstill  by  stirmdation  of 

the  vagu8. 

So  struck  were  we,  in  the  course  of  our  experiments,  with 
the  entire  absence  of  any  phenomena,  which  we  could  satisfac- 
torily attribute  to  the  action  of  the  constant  current  on  the 
termination  of  the  vagus  fibres,  or  on  the  various  inhibitory 
and  other  mechanisms  existing  or  supposed  to  exist  in  the 
vertebrate  heart,  the  stimulation  of  which  we,  on  starting  our 
investigations,  supposed  would  render  the  behaviour  of  the  frog'-s 
heart  under  the  current  entirely  different  from  that  of  the 
nerveless  snail's  heart,  that  we  were  led  to  suspect  that  the 
currents  employed  being  so  much  stronger  than  those  generally 
made  use  of  in  experimenting  on  nerves,  exhausted  on  their 
first  application  all  the  nervous  elements,  and  left  us  dealing 
with  (so  to  speak)  the  naked  contractile  elements. 
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To  have  proved  that  this  was  the  case  would  have  "been  to 
bring  an  additional  and  strong  argument  in  favour  of  the  thesis 
of  which  all  our  experiments  may  be  regarded  as  illustrations, 
that  the  causes  of  the  rhythmic  pulsations  of  the  heart  are  to 
be  sought  for  in  the  properties  of  contractile  tissue.     Sut  we 
found,  to  our  great  astonishment,  evidence  that  the  most  im- 
portant and  active  nervous  mechanisms  of  the  heart  were  able 
fully  to  exert  their  influence  in  spite  of  a  powerful  constant 
current  being  passed  through  the  heart.     Seeing  that  a  portion 
of  the  ventricle,  or  the  whole  ventricle  when  quiescent  from 
whatever  reason,  or  the  whole  heart  when  quiescent  fix>m  the 
experiment  of  Stannius,  is  roused  into  rhythmic  pulsations  by 
the  constant  current,  we  very  naturally  expected  that  the  same 
current  would  produce  rhythmic  pulsations  when  applied  to 
a  heart  in  standstill  from  stimulation  of  the  vagus. 

We  found,  however,  that  this  was  not  the  case. 

Having  brought  the  heart  to  a  standstill  by  stimulating  the 
pneumogastric  with  the  interrupted  current,  we  threw  into  the 
heart  constant  currents  of  various  strengths,  both  ascending  and 
descending.  But  not  even  with  six  Grove  cells  did  we  succeed 
in  calling  forth  any  rhythmic  pulsations.  The  only  effect  which 
we  could  trace  was  a  very  marked  reaction,  when  both  the 
constant  current  and  the  vagus  stimulation  were  removed, 
the  heart  soon  beginning  to  beat  with  remarkable  vigour  and 
rapidity. 

Having  applied  the  constant  current,  both  in  the  descending 
and  ascending  direction,  we  stimulated  the  vagus  while  the 
current  was  still  passing  through  the  heart.  Inhibition  was 
nevertheless  produced,  and,  as  far  as  we  could  see,  took  place 
very  much  as  if  no  current  were  passing  through  the  heart. 
We  are  not  prepared  to  say  that  the  current  made  absolutely 
no  difference  or  that  it  would  liot  be  possible  to  call  forth 
rhythmic  pulsations  in  pneumogastric  inhibition  by  applying 
still  stronger  currents;  but  we  do  say  that  currents  distinctly 
stronger  than  those  which  readily  rouse  into  rhythmic  pulsa- 
tions the  naturally  quiescent  ventricle  or  part  of  the  ventricle, 
or  the  whole  heart  brought  to  a  standstill  by  Stannius'  experi- 
ment, failed  with  us  to  bring  forth  pulsations  in  a  heart 
brought  to  a  standstill  by  stimulation  of  the  vagus. 
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From  this  we  draw  the  following  conclusion.     We  have 
argued  that  the  pulsations  which  the  constant  current  calls 
forth  in  a  piece  of  the  ventricle  must,  until  some  hitherto  un- 
noticed nervous  elements  have  been  discovered,  be  considered 
as  pulsations  caused  by  the  direct  action  of  the  current  on  the 
cardiac  muscular  tissue.     Since  these  pulsations  are  also  seen 
in  the  whole  ventricle  (otherwise  quiescent),  and  indeed  in  the 
whole  heart  (under  Stannius'  experiment),  when  the  constant 
current  is  applied,   it  is  clear  that  previous   division  of  the 
ventricle  is  not  necessary  to  their  production,  that  the  con- 
tinuity of  the  ganglionless  apex  of  the  heart  with  those  por- 
tions of  the  heart  which  do  contain  ganglia,  is  no  bar  to  pul- 
sations arising  in  the  former  as  the  result  of  the  application  of 
the  constant  current.    Now,  in  the  generally  accepted  theory  of 
inhibition,  the  action  of  the  pneumogastric  is  supposed  to  stop 
at  certain  ganglionic  centrea     In  these  centres  the  impulses 
descending  the  vagus  so  exalt,  either  directly  or  by  the  media- 
tion of  various  mechanisms,  the  molecular  inhibitory  forces 
that  the  accustomed  rhythmic  stimuli  are  no  longer  set  free, 
and  the  muscular  fibres  lie  idle  till  the  struggle  in  the  ganglia 
is  over.    According  to  this  view  then,  whether  the  muscular 
fibres  are  removed  from  the  influence  of  the  ganglia  by  section 
or  by  profound  urari  or  other  poisoning,  or  by  the  ganglia  being 
preoccupied  in  an  inhibitory  struggle,  the  constant  current 
acting  directly  on  the  fibre  ought  in  all  three  cases  to  produce 
the  same  effect,  viz.  a  rhythmic  pulsation.    As  a  matter  of  fact, 
it  does  so  in  the  two  former  cases  but  not  in  the  third.   From  this 
it  follows  that  stimulation  of  the  vagus,  in  addition  to  whatever 
effect  it  may  have  on  the  ganglia,  has  also  an  effect  of  such  a 
kind  that  the  irritability  of  the  cardiac  muscular  tissue  itself  is 
impaired,  and  the  production  of  rhythmic  pulsations  hampered  in 
their  muscular  origin.    The  depression  of  irritability  thus  caused 
is  not  so  great  but  that  a  mechanical  stimulus  will  produce 
a  contraction,  and  hence  the  heart,  in  standstill  from  stimula- 
tion of  the  vagus,  will  beat  when  pricked.    Such  a  method 
of  estimating  irritability  is  however  a  very  rough  one.    That 
a  mechanical  stimulus  caUs  forth  a  beat,  proves  that  the  irrita- 
bility is  not  extinguished,  but  is  no  evidence  that  it  is  not  im- 
paired :  the  more  delicate  test  of  the  constant  current  manifests 
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the  muscular  weakness  which  stimulation  of  the  vagus    h&s 
caused. 

We  are  thus  led  to  the  conclusion  that  the  pneumogastiic; 
like  any  other  motor  nerve^  acts  when  stimulated  directly  on 
the,  muscular  tissue  with  which  it  is  connected;  from  which 
conclusion  there  follows,  as  a  corollary,  the   view    that     the 
peculiar  inhibitory  effects  of  stimulation  of  the  pneumogastric 
are  due,  not  to  a  specific  energy  of  the  nerve  itself  or  of  any 
mechanism  in  which  it  terminates,  but  to  the  fact  that  while 
ordinary  nerves  are  connected  with  muscles  ordinarily  at  rest^ 
the  pneumogastric  is  connected  with  a  muscle  in  a  state   of 
continued  rhythmic  pulsation.     To  which  we  may  add^  that 
the  other  marked  inhibitory  nerves,  the  vaso-dilator  nerves,  are 
also  in  connection  with  muscles  normally  in  a  state  of  activity 
(tonic  action)  which  is  more  closely  allied  to  rhythmic  pulsation 
than  to  any  other  form  of  muscular  activity;  indeed,  in  many 
cases,  as  in  the  rabbit's  ear,  the  two  merge  into  each  other,  and  it 
seems  difficult  to  regard  the  tonic  contraction  of  blood-vessels 
in  any  other  light  than  that  of  an  obscure  rhythmic  pulsation. 

If  this  view  be  accepted,  the  phenomenon  of  inhibition  of 
the  snail's  heart  by  direct  application  of  an  interrupted  current 
ceases  to  be  extraordinary;  for  both  that  form  of  inhibition, 
and  the  ordinary  pneumogastric  inhibition,  fall  into  the  same 
category,  being  both  at  bottom  due  to  the  fact  that  in  them 
stimulation  is  brought  to  bear  on  a  spontaneously  active  tissne. 
Against  the  identity  of  the  two,  there  may  be  urged  two  strong 
objections,  one  that  the  interrupted  current  applied  directly 
to  the  vertebrate  heart  never  produces  a  distinct  inhibition 
similar  to  that  seen  in  the  snail's  heart,  but  a  tumultuous 
irregular  sort  of  tetanus  (never  however  reaching  the  distinct 
form  of  tetanus,  and  eventually  giving  rise  to  a  standstill), 
and  the  other  that  stimulation  of  the  pneumogastric  never 
causes  (however  strong  the  current)  a  tetanic  contraction  of 
the  heart,  such  as  is  seen  when  a  too  strong  interrupted  current 
is  applied  directly  to  the  snail's  heart.  Without  prolonging 
the  discussion  any  further,  we  may  be  permitted  to  say  that 
these  objections  do  not  seem  to  us  insuperable,  and  that  the 
study  of  the  vaso-dilator  and  vaso-constrictor  nerves  appears 
likely  to  afford  a  solution  of  the  difficulties. 
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The  conclusions  then  to  which  our  observations  point,  we  do 
not  pretend  to  say  satisfactorily  establish,  are  as  follows. 

The  vertebrate  heart,  such  as  that  of  the  frog,  behaves  to- 
wards the  constant  current  in  a  manner  very  closely  resembling 
that  in  which  the  snail's  heart  behaves. 

The  well  known,  easily  recognised,  ganglia  of  the  heart  play 
a  subordinate  part  in  the  production  of  the  heart's  spontaneous 
rhythmic  pulsations.  The  real  origin  of  these  is  to  be  sought 
for  in  the  phenomena  of  muscular  tissue,  unless  some  new  form 
of  nervous  tissue  which  has  hitherto  escaped  detection  be  dis- 
covered. 

The  constant  current  may  according  to  circumstances  call 
forth  or  put  an  end  to  rhythmic  pulsations :  calling  them  forth 
when  they  are  absent  and  diminishing  or  destroying  them  when 
they  are  spontaneously  present  Hence,  here,  as  in  the  case  of 
the  snail's  heart,  stimulation  and  inhibition  are  shewn  to  differ 
from  each  other  in  degree,  or  according  to  circumstance,  rather 
than  in  kind. 

Stimulation  of  the  vagus  produces  an  effect  on  the  muscular 
tissue  of  the  heart ;  its  inhibitory  action  is  not  confined  to  the 
ganglia ;  and  hence  vagus  inhibition  does  not  differ  so  essen- 
tially firom  the  inhibition  of  the  snail's  heart  by  direct  stimula- 
tion as  might  at  first  appear. 


Postscript. 

While  the  above  paper  was  in  the  printei's  hands  we  received 
the  CentraJblatt  f.  med.  Wiasenschaft,  of  May  27th  (No.  22, 
1876),  containing  a  brief  communication  from  Prof.  Bernstein 
Ueber  den  Sitz  der  automa/Uschen  ErreguTig  im  Froschherzen. 

In  it  the  author  relates  an  experiment  in  which  the  ventricle 
of  a  frog's  heart  is  violently  compressed  for  a  few  seconds  across 
its  middle  with  a  fine  pair  of  forceps.  The  line  of  tissue  thus 
injured  breaks  the  physiological  continuity  between  the  upper 
and  lower  half  of  the  ventricle ;  though,  there  being  no  actual 
physical  solution  of  continuity,  the  apex  is  still  as  before  sup- 
plied with  abundance  of  fresh  blood.    Since  under  these  circum- 
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stances  the  apex^  though  irritable  towards  stimuli,  remaiiis 
perfectly  quiescent,  never  exhibiting  any  spontaneous  pulsations; 
Bernstein  argues  that  the  pulsations  witnessed  in  Merunovicz's 
experiment  are  not  really  automatic,  but  the  result  of  the 
rabbit's  blood  or  serum  acting  as  a  stimulus  ''upon  certain 
motor  mechanisms  in  the  cardiac  muscles,  and  thus  caasing  uk 
them  an  intermittent  discharge  of  energy." 

Without  waiting  for  the  results  of  the  counter  experiments 
which  naturally  suggest  themselves,  we  should  like  at  once  to 
remark  that,  if  a  stimulus  so  constant  in  its  nature  and  action 
as  serum  or  blood  must  be  is  capable  of  producing  rhythmic 
movements  so  varied  in  their  rate  of  development  and  chanu^er 
as  those  which  made  their  appearance  in  Merunovicz's  experi* 
ments,  the  hypothesis  of  an  automatic  centre  confined  to  the 
sinus  venosus  needs  a  fresh  definition. 

The  old  view,  and  the  one  against  which  we  have  in  fore- 
going pages  argued,  taught  that  the  impulses  which  caused  the 
heart's  beat  proceeded  in  a  rhythmic  manner  from  the  ganglia 
in  the  sinus,  that  the  rate  and  character  of  the  rhythm  was 
determined  there,  and  that  the  muscular  apparatus  of  the  heart 
had  no  other  task  than  to  respond  to  those  rhythmic  impulses 
according  to  the  meastu'e  of  its  irritabiUty.  If  however,  in 
accordance  with  Bernstein's  new  view,  the  muscular  tissue  of  the 
heart  with  its  ''motor  mechanisms  "  is  capable,  when  affected  by 
a  constant  stimulus  (whether  chemical,  as  blood  and  sodium 
cldoride,  or  electrical,  as  the  constant  current),  of  developing 
rhythmic  pulsations  which  in  no  way,  except  as  far  as  relates  to 
their  cavsation,  differ  from  normal  spontaneous  bea^,  the  need  of 
any  intermitteuce  in  the  action  of  the  automatic  ganglia  in  the 
sinus  is  done  away  with;  its  presence  would  shew  a  wasteful 
want  of  economy. 

Looking  at  the  matter  from  an  evolution  point  of  view,  and 
seeing  that  muscular  or  neuro-muscular  tissue  is  anterior  in 
evolution  to  strictly  differentiated  nervous  tissue,  it  is  in  the 
highest  degree  improbable  that,  supposing  the  power  of  gener- 
ating automatic  rhythmic  impulses  were  at  some  time  trans- 
ferred from  undifferentiated  protoplasmic  or  neuro-muscular 
tissue  to  purely  nervous  mechanisms,  the  muscular  remnant^ 
from  which  spontaneity  had   been   removed,  would   retain   a 
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power  of  intermittent  action  which  it  could  never,  in  actual 
life,  have  an  opportunity  of  manifesting,  since  its  intermittence 
would  ever  afterwards  be  determined  by  its  nervous  master. 

It  becomes  necessary,  therefore,  to  modify  the  hypothesis  of 
an  automatic  centre  in  the  sinus  in  the  sense  that  the  action  of 
that  centre  is  not  an  intermittent  but  a  continuous  one.  From 
this  modified  view  to  the  one  which  we  ourselves  have  urged  in 
the  foregoing  pages,  the  step  is  very  slight. 

We  may  add  that  the  20th  number  of  the  same  Central- 
blatt  contains  an  original  communication  from  Herr  Fischer 
which,  while  confirming  the  presence  of  a  considerable  number 
of  fine  nervous  plexuses  between  the  fibres  in  the  ventricle  of 
the  dog's  heart,  throws  much  doubt  on  the  nervous  character  of 
the  elements  described  by  Gerlach,  as  abounding  in  the  striated 
muscle  and  in  the  tissue  of  the  frog's  ventricle,  elements  which 
might  be  regarded  by  some  as  the  long  sought  for  motor 
mechanisms. 
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A  CONTRIBUTION  TO  THE  HISTORTf  OF  DEVELOP- 
MENT OF  THE  GUINEA-PIG.  By  K  A.  ScHiFER. 
Assistant  Professor  of  Physiology  in  University  College, 
London. 

Th£  mode  of  development  of  the  guinea-pig  must,  unless  the 
anomalies  are  in  some  way  satisfactorily  explained,  remain  one 
of  the  most  puzzling  problems  in  the  whole  range  of  Morph(>- 
logy.  Here  is  an  animal,  not  apparently  differing  in  any 
material  point  of  structure  from  other  mammals,  in  fact  so 
closely  allied  to  some  of  the  most  common  as  to  be  referred 
by  the  zoologist  to  the  Order  to  which  the  greater  number  of 
existing  individuals  of  the  Class  belong,  yet  presenting  in  its 
mode  of  development  a  total  reversal  of  those  relations  of 
the  blastodermic  membranes  which  obtain,  without  so  &r  as 
is  known  any  exception,  not  only  in  the  same  Class,  bat 
throughout  the  whole  Animal  Kingdom.  It  is  true  that  the 
fact  that  this  difference  existed  has  been  announced  already  a 
considerable  number  of  years,  and  has  rested  on  the  authority 
of  embryologists  no  less  eminent  than  Bischoff  and  Reichert ; 
but  their  statements  on  the  subject  have  been  suffered  to  re- 
main almost  unnoticed,  or  have  perhaps  been  altogether  dis- 
credited. But  by  aid  of  the  methods  which  are  now  extensively 
employed  of  making  sections  of  embryos,  however  small  and  deli- 
cate, any  observer  may  readily  convince  himself  of  the  fact  that 
in  the  guinea-pig,  from  quite  an  early  stage  of  development^  the 
epiblast — or  that  layer  of  the  blastoderm  from  which  the  epider- 
mis, the  central  nervous  system,  the  sense  organs  and  the  inner 
layer  of  the  amnion  are  developed — is  the  innermost  of  the  blas- 
todermic layers,  and  the  hypoblast — or  the  layer  which  forms 
the  epithelium  of  the  alimentary  canal — ^is  the  outermost,  so 
that  the  ordinary  positions  of  these  two  layers  are  exactly  re- 
versed. In  view  of  this  utterly  anomalous  aspect  of  affairs^  the 
question  naturally  suggests  itself.  Does  this  reversal  of  the  ordi- 
nary conditions  obtain  ab  initio  and  at  the  time  of  the  arrange- 
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ment  of  the  cells  into  distinct  layers  after  the  completion  of 
segmentation,  or  is  it  brought  about,  subsequently  to  the  ar- 
rangement of  the  layers  in  the  ordinary  position,  by  the  occur- 
rence in  some  way  or  other  of  a  complete  turning  inside  out  of 
the  blastodermic  vesicle  ?  Of  the  latter  no  proof  has  yet  been 
forthcoming,  although  it  has  been  conjectured  by  Hensen  {Arcliiv 
fur  jAnatomie  und  Emhryologie,  Vol.  i.  p.  411)  that  an  involution 
may  occur  soon  after  the  formation  of  a  segmentation-cavity 
and  before  the  formation  of  definite  layers.  But  this  conjecture 
rests  upon  very  insufficient  foundation,  and  the  question  must 
still  be  considered  as  remaining  unsolved. 

The  developing  ova,  which  are  the  subject  of  the  present 
paper,  had  arrived  at  a  stage  of  development  considerably  in 
advance  of  that  requisite  to  decide  this  particular  question,  but 
their   examination  has   nevertheless  yielded   several   facts  of 
interest  bearing  both  upon  the  unusual  conditions  of  develop- 
ment met   with  in  this  particular  animal,  and  on  the  larger 
question  of  the  mode  of  origin  of  some  of  the  earlier  formed 
sti-uctures   in  Mammalia,  and   perhaps    in  Vertebrates  gene- 
rally.    The   ova  were  two  in  number,  from  the  same  uterus, 
and,  so  far  as  could  be  judged,  were  in  exactly  the  same  stage 
of  development.     The  description  of  the  manner  in  which  they 
were  obtained  and  prepared,  I  have  thought  it  worth  while 
to  give   in   detail,  since  the   methods   adopted  are  in  some 
respects  new,  and  have  throughout  yielded  good  results.     The 
animal  from  which    the   embryos   were  obtained   was   killed 
for  a  totally  different  purpose,  and  no  note  having  been  taken 
of  its  sexual  condition,  I  am  not  able  to  state  their  exact  age. 
But  it  was  obvious  even  before  the  organ  was  opened  that  they 
must  be  at  a  very  early  stage  of  development,  and  that  the 
greatest  possible  care  must  be  exercised  in  obtaining  them  un- 
injured.    The  uterus  was  accordingly  placed  in  salt-solution, 
and  the  muscular  coat  having  first  been  slit  open  along  the  free 
border  over  the  position  of  the  ova,  the  mucous  membrane  was 
then  carefully  torn  away  at  the  same  place  bit  by  bit  with  for- 
ceps, so  as  freely  to  expose  the  small  vesicular  bodies.    They 
were  found  to  be  firmly  connected  to  the  mucous  membrane  at 
the  attached  border  of  the  uterus,  so  that  to  remove  them  intact 
without  disturbing  this  connexion,  it  was  necessary  to  take 
away  a  portion  of  the  uterine  wall  with  them.     On  examining 
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them  thus  separated  with  a  low  power  of  the  microscope,  they 
were  seen  to  be  perfectly  spherical,  hollow  vesicles,  about  ^  tfas 
of  an  inch  in  diameter,  closely  attached,  as  before  mentioned,  at 
one  pole  to  the  mucous  membrane  of  the  uterus,  and  presenting 
at  the  other  an  oval  thickening,  the  rudiment  of  the  embryo 
(Plate  XXX.  fig.  1).  From  one  end  of  this  a  solid  bud-like  process 
could  be  seen  projecting  for  a  short  distance  into  the  interior  of 
the  vesicle.  This  process,  which  on  a  cursory  glance  would  pro- 
bably have  been  taken  for  the  head  of  the  embryo,  is,  in  reality, 
the  commencing  allantois.  The  head-rudiment  is  seen  with 
a  somewhat  higher  power  at  the  opposite  end  of  the  oval 
in  the  shape  of  a  curved  fold  (fig.  2,  A./),  near  the  middle  of 
which  a  groove — the  medullary  groove — ^is  seen  to  commence 
(m.  g.),  and  to  be  continued  backwards  along  the  greater  pari 
of  the  length  of  the  embryo,  becoming  lost  at  the  posterior 
part,  which  is  still  occupied  by  the  remains  of  the  primitive 
streak  (p.  «.).  Yet  another  structure  could  be  made  out»  by 
careful  focussing,  in  the  shape  of  an  excessively  delicate,  bulging 
membrane  covering  that  surface  of  the  embryo  which  is  turned 
towards  the  interior  of  the  vesicle :  this  membrane  is  none  other 
than  the  amnion,  which  is  thus  formed  from  the  first  as  a 
completely  closed  sac. 

A  careful  sketch  having  been  made  of  these  appearances,  the 
ova  were  then  prepared  in  the  following  way.  One  was  placed 
entire  in  a  one-eighth  per  cent,  solution  of  chromic  acid.  From 
the  other  the  hemisphere  containing  the  embryonic  thickening 
was  carefully  separated  and  placed  in  1  per  cent,  osmic  acid 
solution,  while  the  remaining  uterine  portion  was  placed  with 
the  other  ovum  in  chromic  acid.  These  were  allowed  to  re- 
main in  the  chromic  solution  for  three  days ;  they  were  then 
transferred  to  weak  spirit  (half  water)  for  twenty-four  hours, 
and  then  placed  in  absolute  alcohol :  in  this  they  were  left  until 
time  was  found  to  complete  the  investigation.  The  other 
embryo,  after  having  been  in  osmic  acid  for  three  hours,  was 
transferred  to  water  for  an  hour  and  then  placed  in  glycerine, 
in  which,  like  those  in  alcohol,  it  was  allowed  to  remain  for  a 
considerable  time  (many  months),  apparently  without  the  least 
deterioration.  Fig.  2  is  a  drawing  of  this  embryo  viewed  with 
a  binocular  microscope  under  a  power  of  about  thirty  diameters, 
from  the  surface  which  originally  looked  inwards.    After  having 
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been  studied  as  carefully  as  possible  intact,  both  the  embryos 
were  cut  into  sections:  the  one  hardened  in  chromic  acid 
being  used  for  the  production  of  longitudinal  sections,  the  other 
for  transverse.  To  obtain  thin  and  complete  sections  of  these 
exceedingly  small  and  delicate  objects  the  following  method 
was  adopted.  The  embryo  was  first  placed  for  twenty-four 
hours  or  longer  in  staining  fluid.  In  the  case  of  the  embryo 
hardened  in  chromic  acid  an  alcoholic  solution  of  magenta  was 
employed,  and  the  embryo  when  stained  sufficiently  was  trans- 
ferred directly  to  oil  of  cloves.  The  one  that  had  been  in  osmic 
acid  and  glycerine  was  placed  for  twenty-four  hours  in  Kleineur 
berg's  logwood  (Foster  and  Balfour's  Embryology,  p.  248),  and 
transferred  through  absolute  alcohol  to  oil  of  cloves.  From  the 
oil  of  cloves  the  embryos  were  transferred  to  cocoa-butter,  which 
was  kept  just  melted,  and  they  were  allowed  to  lie  in  this  for  an 
hour,  so  that  they  should  become  completely  permeated  by  it. 
They  were  then  placed,  with  a  little  of  the  melted  cocoa-butter, 
in  position  for  cutting  sections  in  the  direction  desired,  in  a 
cavity  scooped  out  at  the  end  of  a  previously  prepared  cake  of 
the  same  substance.  When  the  cocoa-butter  which  permeates 
and  surrounds  the  embryo  has  completely  set  and  hardened,  sec- 
tions may,  without  any  great  difficulty,  be  made  with  a  razor  as 
thin  as  may  be  desired : .  as  so  obtained  they  are  placed  in  a 
drop  of  oil  of  cloves  on  a  slide.  This  slowly  dissolves  the  cocoa- 
butter  and  leaves  the  section  free  to  be  mounted  in  dammar 
varnish.  Some  of  the  sections  of  the  embryo  which  had  been 
treated  with  osmic  acid  were,  for  the  sake  of  greater  distinct- 
ness, mounted  in  glycerine.  For  this  it  was  necessary,  after 
dissolving  out  the  cocoa-butter  with  oil  of  cloves  in  the  manner 
above  mentioned,  to  transfer  the  section  at  first  to  spirit  and 
then  to  water  before  placing  it  on  a  slide  in  a  drop  of  glycerine. 
Sections  were  also  made  to  show  the  mode  of  connection  of 
the  ovum  to  the  uterus.  The  description  of  these  it  will  be 
convenient  to  defer  until  the  condition  and  relations  of  the 
blastodermic  membranes  in  the  free  part  of  the  ovum  have  been 
treated  of.  I  may  however  here  mention  that  I  missed  altoge- 
ther the  epithelial  prolongation,  which  is  described  by  Reichert 
(and  also  by  Hensen)  as  growing  from  the  uterine  epithelium 
around  the  ovum  and  forming  a  complete  enclosing  capsule,  and, 
in  earlier  stages  at  least,  a  hollow  stalk  connecting  the  ovum  to 
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the  wall  of  the  uterus.  Whether  it  has  by  this  time  disappeared,  or 
whether  I  accidentally  removed  it  in  opening  the  uterus  for  the 
purpose  of  exposing  and  preserving  the  ova,  I  am  unable  to  say. 
To  describe  first  the  longitudinal  sections  of  the  embr3ro. 
These  show  very  clearly  the  relations  of  the  blastodermic  layers 
and  the  mode  in  which  the  amnion  and  allantois  are  formed. 
It   is    only   those   which    have   been  taken    in  or   near   the 
longitudinal  axis  that  are  of  any  particular  value.     A  section 
made  close  to  this  axis,  but  not  actually  corresponding  with 
it  (i.  e.  running  just  along  the  side  of  the  medullary  groove. 
but  not  along  its  middle),  is  represented  in  fig.  3.     Here  the 
epiblast  (e.)  is  seen  to  form  a  completely  closed,  flattened  ring, 
much  thickened  at  the  exterior  part,  where  it  is  composed  of  the 
elongated  columnar  cells  which  are  characteristic  of  the  dcTelop- 
ing  central  nervous  system,  and  thinning  off  gradually  at  either 
end,  where  it  passes  round  internally  to  form  the  inner  layer  of 
the  amnion.     The  hypoblast  (A.)  covers  and  encloses  the  blas- 
toderm, of  which  it  is  seen  to  form  the  outermost  layer.    It 
is  formed  of  a  single  layer  of  columnar  or  cubical  cells,  many  of 
which  exhibit  large  vacuoles,  and  it  is  prolonged  around  the 
vesicular  ovum  as  far  as  the  base  of  attachment  to  the  uterus; 
its  relations  here  will  be  subsequently  considered.     The  meso- 
blast  (m.),  which  is  now  completely  formed,  is  seen  to  lie  be- 
tween the  hypoblast  and  epiblast.     At  the  edge  of  the  em- 
bryonic area  it  splits  into  two  parts.     One  of  these  (m)  passes 
inwards  to  form  an  outer  layer  to  the  amnion,  the  other  {m") 
accompanies   the   hypoblast   roimd   the   ovum  as  far    as    the 
attachment   to  the   uterus.     The   amniotic  mesoblast  is  sim- 
ply a  layer  of  flattened  cells,  fusiform  in  section ;    the  parie- 
tal mesoblast  consists  of  a  complete  layer  of  similar  epithe- 
lioid cells  internally,  and  of  a  number  of  branched  cells,  con- 
nected together,  and  undergoing  development  into  blood-vessels 
and  contained  blood-corpuscles,  lying  between  this  epithelioid 
layer  and  the  hypoblast.     Between  the  amniotic  and  parietal 
mesoblast  is  a  large  cavity,  which  in  fact  occupies  the  greater 
part  of  the  interior  of  the  oviim. 

It  will  be  seen  that  the  external  wall  of  this  cavity  is  formed 
by  a  layer  of  hypoblastic  cells,  and  by  what  I  have  termed  the 
parietal  mesoblast  It  is  shown  in  section,  at  a  part  where  no 
blood-vessels  are  as  yet  developed  in  it  in  fig.  4,  where  A.  is 
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the  hypoblast,  me,  the  epithelioid  layer  of  the  mesoblast,  and  mt;. 
some  of  the  intermediate  mesoblastic  cells,  which  are  probably 
afterwards  to  undergo  transformation  into  blood-vessels.  In 
fig.  5,  on  the  other  hand,  a  portion  is  represented  as  seen  on 
the  flat  with  the  hypoblastic  layer  removed.  At  this  place 
the  development  of  blood-vessels  and  blood-corpuscles  is  much 
more  advanced.  The  formation  of  these  appears,  from  a  com- 
parison of  parts  in  which  different  stages  of  development  are 
exhibited,  to  be  effected  in  the  following  manner : — The  inter- 
mediate mesoblastic  cells  unite  by  their  processes  into  a  large- 
meshed  network,  the  nuclei  at  the  same  time  multiplying  and 
becoming  distributed  over  the  cords  of  the  network.  At  the 
nodes  (corresponding  to  the  bodies  of  the  original  cells)  the 
multiplication  and  accumulation  of  the  nuclei  goes  on  with  much 
greater  rapidity  than  elsewhere,  so  that  a  little  thickened  clump 
is  formed  at  these  places,  extending  also  sometimes  a  short  way 
into  the  cords.  These  nuclei  appear  to  become  rounded  and 
transformed  into  the  embryonic  blood-corpuscles,  the  nucleoli 
forming  the  so-called  nuclei  of  those  bodies.  A  cavity  subse- 
quently forms  in  which  they  come  to  lie,  and  which  extends  into 
the  cords  of  the  network.  The  mode  of  formation  appears  there- 
fore to  be  in  most  respects  similar  to  that  described  by  Bal- 
four in  the  chick  (Qiiart.  Journal  of  Micr,  Science ^  1873). 

At  the  posterior  end  of  the  embryo  a  bud-like  thickening  of 
the  mesoblast  {aU)  projects  down  into  the  large  cavity  above 
described.  This  is  the  commencing  allantois.  Blood-vessels 
are  already  developed  in  this,  but  it  receives  as  yet  (and  even 
considerably  later,  Hensen,  I.  c.  p.  407)  no  prolongation  of 
the  hypoblast :  in  fact  it  consists  entirely  of  mesoblastic  tissue. 
The  section  represented  in  fig.  3  passes,  as  before  mentioned, 
on  one  side  of  the  middle  line  of  the  embryo.  The  repre- 
sentation of  a  section  passing  exactly  along  the  middle  of 
the  medullary  groove  would  have  had  an  entirely  different 
appearance  except  at  the  ends.  For  a  certain  distance  at  either 
end  the  three  layers  are  seen  as  before,  but  soon  the  mesoblast 
entirely  ceases,  and  the  epiblast  and  hypoblast  come  into  con- 
tact and  are  entirely  fused  together.  From  this  fused  portion, 
as  is  still  better  shown  in  the  transverse  sections,  the  noto- 
chord  becomes  developed. 

{To  he  continued.) 


NOTE  ON  THE  ACTION  OF  DILUTED  ALCOHOIi  ON 
THE  BLOOD-CORPUSCLES.  By  William  Stirling. 
D.  Sc,  M.D.,  CM.,  Demonstrator  of  Practical  Physiology 
in  the  University  of  Edinburgh, 

In  recent  numbers  of  the  Archives  de  Fhysiologie^  BanTier 
has  called  the  attention  of  histologists  to  the  value  of  a  diluted 
solution  of  alcohol  (1  part  spirit  of  36*  Cartier  to  two  of  water) 
as  a  reagent  for  microscopic  purposes.  On  mixing  a  drop  of 
the  blood  of  the  common  Rana  temporaria  with  two  or  three 
drops  of  this  solution  on  a  glass  slide,  he  has  been  able  to  show 
that  the  coloured  blood-corpuscles  of  this  animal,  and  also  of 
the  axolotl,  are  provided  with  nucleoli. 

I  have  had  occasion  lately  to  use  this  mixture  pretty  ex- 
tensively. It  is  easy  to  confirm  the  observation  of  Ranvier. 
I  have  found  that  the  coloured  l)lood"Corpuscle  of  the  common 
newt  is  also  provided  with  a  nucleolus,  generally  only  one, 
placed  somewhat  excentrically,  though  sometimes  two  are  to 
be  seen. 

The  action  of  this  reagent  on  the  coloured  corpuscles  offers 
a  marked  contrast  to  that  of  acetic  acid,  which  renders  the 
stroma  of  the  corpuscle  veiy  transparent,  making  the  nadena 
very  obvious,  but  at  the  same  time  causing  it  to  become  very 
irregular  in  its  outline,  and  often,  in  addition,  to  become 
tinged  with  the  haemoglobin  of  the  corpuscles,  so  that  it  is 
impossible  to  detect  a  nucleolus  within  it.  No  better  example 
could  be  cited  of  the  value  of  a  method  in  histology. 

In  the  colourless  corpuscles  of  the  newt,  the  nuclei,  as 
Banvier  pointed  out  in  the  case  of  the  frog's  blood,  are  clearly 
brought  into  view  by  the  action  of  diluted  alcohoL  The 
blood  of  the  common  newt  I  find  to  be  better  suited  for  this 
purpose  than  that  of  the  frog.  I  have  seen  as  many  as  five 
nuclei  clearly  brought  into  view  in  the  finely  granular  colour- 
less corpuscles  of  the  newt's  blood.  In  addition,  each  nucleus 
may  show  a  distinct  nucleolus.    On  carefully  watching  such  a 
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colourless  corpuscle,  however,  it  shows  another  peculiarity  which 
is  very  characteristic.  It  throws  one  or  it  may  be  more  blebs 
apparently  perfectly  structureless  from  its  surface.  Ranvier  also 
observed  these  in  the  case  of  the  frog.  They  contain  none  of  the 
granules  of  the  protoplasm,  and  are  quite  transparent.  They 
resemble  the  little  blebs  of  mucin  that  are  sometimes  seen  to 
be  extruded  from  the  columnar  epithelial  cells  covering  the 
villi  of  the  small  intestine.  They  occur  most  commonly,  indeed 
constantly,  on  the  large  finely  granular  ordinary  colourless 
corpuscles.  I  have  also  observed  them  on  the  coarsely 
granular  corpuscles,  but  their  existence  here  is  much  more 
diflScult  to  detect  on  account  of  the  large  granular  corpuscles 
not  occurring  in  such  numbers  in  the  blood  as  the  finely 
granular  ones.  I  have  not  observed  these  bullae  or  blebs  to 
be  produced  in  the  case  of  the  smaller  finely  granular  colourless 
corpuscles  which  are  so  abundant  in  the  blood  of  the  newt.  On 
adding  the  diluted  alcohol  to  human  blood  I  have  failed  to 
detect  the  existence  of  these  blebs  in  the  colourless  corpuscles. 


ON  "MALFORMATION  OF  THE  CARDIAC  SEPTA:  A 
TREATISE  ON  THEIR  PATHOLOGICAL  ANATOMT^. 
By  PROF.  ROKITANSKY^"  Communicated  by  Pro£ 
Stricker,  of  Vienna,  (Translated  into  English  and  prepojned 
for  publication  by  John  Priestley,  Assistant  Lecturer  on  JPh^- 
siologt/,  The  Owens  CoUege,  Manchester.) 

Amokg  the  anomalies  of  internal  structure  presented  by  the  heart, 
malformation  of  the  septa  is  the  most  important  and  most  frequently- 
met  with.  Sensible  of  the  great  theoretical  interest  attaching  to  the 
phenomena  of  malformation  and  their  embryonal  antecedents.  Pro- 
fessor Rokitansky  was  induced  to  investigate  the  rich  supply  of  cas^ 
which  came  under  his  notice  at  the  Institute  of  Pathologi<»J  Anatomy 
in  Vienna ;  and  hb  labours  have  led  to  a  more  correct  and  exact  de- 
scription of  the  irregularity. 

In  addition  Professor  Rokitansky  has  investigated,  froni  the 
embryological  side,  the  case  of  transposition  of  the  lai^  arterial 
trunks,  on  account  of  the  close  connection  between  that  phenomenon 
and  malformation  of  the  cardiac  septa. 

As  regards  the  statements  of  &ict  here  given  concerning  the  de- 
velopment of  the  heart,  it  may  be  remarked  that  they  differ  easenti- 
ally  from  those  generally  current :  indeed  the  only  publication 
containing  similar  assertions  is  a  Dissertation  by  Lindes  (Doipat^ 
1865),  hitherto  but  slightly  known. 

The  septum  auricularum  does  not,  as  has  been  said,  grow  upwards 
in  the  form  of  a  sickle  so  as  to  leave  a  foramen  ovale  ;  but  it  b^;ina 
at  the  roof  of  the  originally  simple  auricle,  and  grows  thence  forwards 
along  the  anterior  and  posterior  walls.  In  the  course  of  this  growth, 
however,  a  stage  occurs  in  which  the  septum  may  be  best  represented 
as  a  curtain  stretched  between  the  upper  ends  of  two  vertical  ridges. 
Hence  the  septum  auricularum^  at  all  events  at  first,  has  a  foramen 
in  its  lower  half  through  which  the  right  and  left  auricles  com* 
municate.  The  foramen  does  not  continue,  for  the  curtain  grows 
forwards  until  the  septum  completely  divides  the  cavity  into  two. 

But  before  the  septum,  in  its  development,  has  quite  reached  the 
roof  of  the  ventricles  and  become  fused  therewith  by  its  lower  border, 
certain  small  apertures  may  be  noticed  in  it.  In  the  chick  this  occurs 
about  the  fourth  day  of  incubation.  They  gradually  increase  in 
number,  so  that  about  the  fifth  or  sixth  day  of  incubation  the  septum 
auricularum  looks  like  a  beautiful  lattice  through  the  spaces  of  which 
the  blood  streams  from  right  to  left,  causing  the  septum  to  bulge 
also  to  the  left.  The  parietal  portion  only  of  the  septum  remains 
imperforate,  forming  a  muscular  frame  which  is  specially  well  de- 

1  ''Die  Defecte  der  Scheidewaude  des  Herzens,   Pathclogisch-anatomUche 
Abhandlung," 
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veloped  anteriorly.  The  lattice,  or  net,  which,  as  was  described 
above,  projects,  pouch-like,  into  the  cavity  of  the  left  auricle,  gradu- 
ally loses  its  perforations  until  but  one  aperture,  large  and  fissure-like, 
remains  in  its  upper  anterior  border.  This  aperture  is  the  foramen 
ovale. 

In  a  human  embryo  25  mm.  long  the  auricular  septum  was  seen 
still  to  contain  numerous  perforations,  some  of  which  were  of  larger 
size.  In  a  foetus  of  three  months,  and  in  another  of  four  months,  the 
septum  appeared  as  a  cribriform  membrane  suppoiiied  on  a  musctilar 
frame.  In  a  five-months  embryo,  on  the  contrary,  the  membrane — 
the  central  portion  of  the  septum — was  discovered  to  have  rather  the 
appearance  of  knitted  work,  t.  6.  to  be  extremely  thin  at  numerous 
points,  as  if  perforated.  In  foetuses  of  six,  seven,  and  eight  months, 
and  e7en  in  new-born  children,  the  uniformly  thickened  membrane 
still  exhibited  a  knitted  appearance,  and  bulged  towards  the  left. 

Further  information  concerning  the  complete  development  of  the 
permanent  septum,  from  this,  provisional,  structure  must  be  gathered 
from  the  treatise  itself  (p.  77). 

It  is  interesting  to  ^e  comparative  anatomist  to  know  that  the 
septum  aurieidarum  in  the  foetus  of  a  horse  is  stated  to  have  resem- 
bled a  pouch  supported  on  a  muscular  frame,  projecting  into  the  left 
auricle,  and  perforated  in  seveiul  places  near  its  anterior  border. 

Lastly,  it  must  be  remarked  that  the  septum  auricula/rum  insti- 
tutes  a  division  of  the  vena  cava,  a  projection  above  and  behind  lying 
from  the  very  beginning  in  the  vena  cava,  in  such  a  manner  that  a 
small  portion  of  the  vessel  to  the  left  is  divided  off  as  a  cul-de-aac 
opening  towards  the  left  auricle,  and  originating  the  pulmonary 
veins. 

The  ventricular  septum  begins  in  the  embryo  as  a  crescentic  mus- 
cular ridge  with  convexity  pointing  upwards,  inserted  into  the 
anterior,  inferior  and  posterior  walls  of  the  simple  ventricle.  While, 
therefore,  the  auricular  septum  presents  originally  a  foramen  at  its 
lower  border,  the  ventricular  septum  exhibits  one  at  its  upper,  the 
two  foramina  being  contiguous.  Hence  there  is  a  stage  in  develop- 
ment in  which  the  two  septa  of  the  heart  together  form  a  partition 
perforated  by  a  figure-eight-shaped  foramen.  The  upper  half  of 
the  figure  eight  belongs  to  the  septum  auricularum,  and  becomes 
filled  up,  as  already  stated ;  the  lower  half,  on  the  other  hand,  is  situ- 
ated in  the  septum  ventriculorum,  and  is  never  filled  up,  hut  persists 
during  life,  and  is,  in  fact,  the  permanent  ostium  aorticum.  More 
detailed  evidence  of  this  very  noteworthy  relationship  must  be  sought 
in  the  original  communication  (p.  1\  et  seq.).  Suffice  it  here  to  state, 
that  the  truncus  or  bidbus  arteriosus  originally  opens  entirely  into 
the  right  ventricle,  that  it  becomes  divided  by  an  independent  septan^ 
trunci  {bulbi)  into  an  anterior  pulmonalis  and  a  posterior  aorta^,  at 
which  stage  both  the  large  arterial  vessels  belong  to  the  right  ven- 
tricle. The  left  ventricle  would  be  quite  destitute  of  way  of  exit, 
did  not   the  foramen  sepii  ventriculorum  (afterwards  denominated 

^  This  is  the  normal  arrangement. 
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ostium  €U)rticum)  remain  permanently  open.  At  a  certain  period  of 
development  therefore  the  left  ventricle  poura  its  blood  into  the  right, 
whence  mixed  blood  is  driven  into  both  pulmonary  artery  and  tiorta. 
Afterwards  the  circumfeience  of  the  foramen  septi  veniricuiaruwm 
gradually  grows  on  the  side  facing  the  right  ventricle,  as  previonslj 
indicated;  hence  it  may  quite  truly  be  said  that  the  aorta  grows 
through  the  right  ventricle. 

The  author  has  given  special  attention  to  the  development,  as 
well  as  to  the  normal,  perfect  condition  of  the  ventricular  septom  ;  and 
the  more  exact  knowledge  which  he  has  thus  gained  has  led  him  to 
refer  certain  anomalies  of  structure  to  an  inhibition  of  growth.      Sut^ 
although  a  comprehension  of  his  statements  is  indispensable  in  oider 
rightly  to  understand  these  failures  of  growth,  the  reader  must  be 
referred  to  the  detailed  account  of  them,  since  the  complicated  reJa- 
tions  are  not  easily  grasped  without  the  aid  of  the  necessary  drawings. 
It  must,  therefore,  suffice  to  state  that  the  septum  ventriculartun  is 
divided  into  a  posterior  (muscular)  septum,  &pars  membranacea,  and  an 
anterior  (muscular)  septum,  the  last  mentioned  being  again  separated 
into  a  posterior  and  an  anterior  portion.    The  phenomena  of  develop- 
ment, as  well  as  of  malformation,  show  the  importance  of  this  division. 
For  example,  it  is  easily  seen,  on  embryological  grounds,  that  a  defi- 
ciency of  the  posterior  part  of  the  anterior  septum  leads  to  a  commu- 
nication of  the  two  ventricles,  while  incompleteness  in  the  anterior 
half  is  the  cause  of  communication  between  the  two  lai^e  arterial 
trunks. 

For  the  sake  of  those  who  may  be  miable  to  consult  the  original  treatise,  wa 
may  at  this  point  call  attention  to  a  sequitur  which,  thohgh  not  expressly  noticed 
by  Professor  Bokitansky,  becomes  apparent  on  close  inspection.  The  embzyozial 
orescentio  septum  does  not  contain  the  posterior  part  of  the  anterior  septum, 
but  in  its  place  the  ostium  aorticum.  The  ostium  is  at  this  stage  itself  a  eom- 
mnnication  between  the  ventricles.  As  it  gradually  becomes  arched  over  on  the 
side  of  the  right  ventricle  by  a  farther  development,  the  portion  of  the  septum 
80  formed  is  at  once  the  hinder  part  of  the  anterior  division  of  the  ventiieolar 
septmu,  and  the  right  wall  of  the  aorta. 

From  the  more  intimate  knowledge  gained  of  the  normal  develop- 
ment of  the  septa,  the  author  explains  in  the  first  place  all  the  anom> 
alous  poBitionB  aaaumed  by  the  great  arteries. 

Startmg  from  the  normal  arrangement  of  the  septum  of  the 
arterial  bulb  he  passes  in  review  all  the  variations,  and  indicates,  from 
the  position  of  the  septum  hulbi  and  its  relations  to  the  anterior  divi- 
sion of  the  interventricular  wall,  the  cause  of  the  anomalies  which  are 
actually  found. 

On  account  of  the  very  different  view  of  the  development  of  the 
septum  aurUndarum  on  which  they  are  founded,  all  previous  attempts 
to  describe  the  malformations  of  that  structure  and  to  explain  them 
on  embryological  groimds  must  be  i*egarded  as  insufficient  and  lead- 
ing to  incorrect  results.  Peacock,  for  example,  refers  to  cases  of 
new-bom  cliildren  in  whom  the  membranous  septum  had  persisted  in 
the  form  of  the  embryonal  lattice,  as  examples  of  a  premature  closure 
of  the  ybramcn  ovale. 
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The  author  cldssifies  malformations  of  the  auricular  septum  into 
two  large  essentially  distinct  groups.  The  first  includes  all  those 
determined  by  the  course  of  development  of  the  primary  or  provisional 
septum.  The  septum  is  entirely  wanting,  or  only  so  in  part>  viz. 
below,  having  failed  to  extend  its  lower  border  far  enough  downwards 
to  reach  the  septum  verUriculorum,  thus  leaving  a  passage  over  the 
top  of  the  latter.  The  second  group  includes  all  the  defects  which 
arise  in  the  transformation  of  the  provisional  septum  into  the  secondaiy 
and  permanent  septum.  Several  of  these  have  their  seat  in  the  mem- 
branous septum  stretching  across  the  muscular  frame  described  as  left 
in  the  course  of  development.  The  membranous  portion  may  be 
completely  destroyed,  owing  to  the  spaces  of  the  lattice-work  in  the 
embryonal  septum  not  becoming  filled  up ;  or  it  may  remain  within 
an  incompletely  developed  frame  in  fragments,  due,  in  part,  to  a  pro- 
cess of  destruction  and,  in  part,  to  regular  growth. 

A  number  of  instances  may  be  found  in  each  group  exhibiting,  in 
addition  to  the  above-mentioned  malformations,  an  anomalous  rela- 
tionship between  the  large  arterial  trunks.  In  these  cases  the  pul- 
monary artery  is  very  wide,  while  the  aorta  is,  relatively  and  absolutely, 
narrow.  Moreover  the  heart  is  large,  its  cavities  and  the  months  of 
the  veins,  especially  those  of  the  right  side,  are  dilated,  the  sinus 
venosus  and  the  cone  of  the  right  ventricle  particularly  being  of  great 
size  :  and  the  organ  often  exhibits  very  typically  enlargement  of  the 
right  side.  Occasionally  there  is  seen  a  narrow  pulmonary  artery 
with  stenosis  and  atresia  of  the  mouth. 

Although  it  is  beyond  the  scope  of  an  account  like  the  present 
one  to  give  the  numerous  suggestions  of  the  author  concerning  the 
causal  dependence  of  the  facts  discussed,  we  cannot  forbear  here  men- 
tioning the  admirable  explanation  of  the  connection  between  narrow- 
ness of  the  aorta  and  malformation  of  the  septum  which  Bokitansky 
has  based  on  his  recent  embryological  discoveries. 

A  consideration  of  what  has  previously  been  stated  (p.  782)  will 
show  that  a  narrowed  aorta  must  occasion  the  blood  of  the  left  ventricle 
to  accumulate  in  excessive  amount  in  the  right  ventricle,  since  both 
aorta  and  pulmonary  artery  open  originally  into  that  cavity.  This  reple- 
tion of  the  right  ventricle  must  cause  a  corresponding  repletion  of  the 
right  auricle,  in  addition  to  distention  of  the  right  ventricle  and 
auricle,  and  enlargement  of  the  passage  of  communication  between 
the  two  auricles.  This  enlargement  would  be  sufficient  to  deter  the 
development  of  the  temporary  septum  or  to  mar  its  transformation 
into  the  permanent  one.  If  however  development  proceeded  as  far 
as  closure  of  the  passage  through  the  septtim  ventricidorum  and  limita- 
tion of  the  aorta  on  the  side  of  the  right  ventricle  (p.  782),  the  condi- 
tion of  repletion  would  be  confined  to  the  cavities  of  the  left  heart, 
and  would  occasion  enlargement  in  them  also,  accompanied,  as  a 
collateral  effect,  by  distention  of  the  right  heart,  and  especially  of  the 
pulmonary  arteries,  brought  about  by  means  of  the  circulation  through 
the  lungs. 

Hence  it  becomes  intelligible  how,  in  all  cases,  enlargement  seizes 
both  halves  of  the  heart,  and  why  the  right  heart,  and  especially  the 
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mrns  venoms  and  the  cone  of  the  ventricle,  exhibit  it  in  so  marked  a 
degrea 

Deficiency  of  the  septwm  ventricidarum,  when  complete  or  almost 
complete,  is  frequently  accompanied  by  entire  or  partial  abeenoe  of 
the  septum  awrictdarwny  in  which  instances  we  have  to  do  with  true 
bilocular  hearts.  These  cases,  also,  represent  permaiuaiit  embryoaiic 
conditions.  If,  on  the  other  hand,  the  auricular  septum  is  dcTeloped, 
we  get  a  trilocular  organ  with  two  auricles. 

Complete  absence  of  the  ventricular  septum  is,  without  exoeptioi^, 
accompanied  by  one  or  more  anomalies  in  position  of  the  laz^ 
arterial  trunks.  In  addition,  malformation  of  the  septum  may  con- 
cern its  posterior  portion  which  exists  between  the  auriculo-ventricular 
openings ;  or  its  anterior  portion  in  either  of  the  subdivisions  pre- 
viously noted ;  but  a  special  description  of  these  cases,  as  will  be 
evident  to  the  reader,  would  lead  us  beyond  the  limits  proper  to  an 
account  like  this. 

We  may  nevertheless  regard  more  closely  one  very  instnictLve 
section — ^that^  namely,  in  which  stenoses  of  the  pulmonary  artery  are 
considered. 

The  author  divides  them  into  the  following  groups  : 

1.  Stenoses  of  the  highest  kind  and  atresia  of  the  pulmonaiy 
artery. 

2.  Karrowness  of  the  pulmonary  arterial  trunk  with  excessive 
stenosis,  or  with  atresia  of  the  mouth  of  the  vessel  below  the  valves. 

3.  2?arrowness  of  the  pulmonary  arterial  trunk  with  stenoeis  of 
the  valves. 

Professor  Rokitansky  subjects  to  sj>eGial  criticism  the  view  hither- 
to held  that  these  stenoses  are  caused  by  inflammations  which  oocor 
in  the  foetal  heart.     He  points  out  that : 

a.  Even  in  cases  of  very  incomplete  development  of  the  pul- 
monary artery  there  are  frequently  no  signs  of  inflammatory  action  to 
be  found. 

h.  Frequently  such  signs  of  inflanunation  are  present  while  the 
co-existent  atresia  bears  no  I'elation  to  them  as  far  as  its  locality  is 
concerned. 

c.  Frequently  where  indications  of  disease  of  very  intense  nature 
occur,  stenosis  of  the  pulmonary  artery  is  of  but  slight  importance. 

When  on  the  other  hand  it  is  noticed  that  a  dwarfed  pulmonary 
artery  is  frequently  accompanied  by  other  irregularities,  e,g,  o£  the 
valves;  and  that,  as  a  rule,  there  exist,  side  by  side  with  it^  anomalies 
both  in  the  structure  of  the  heart  and  in  the  arrangement  of  the 
arterial  vessels,  the  cause  of  which  must  be  sought  in  the  earliest 
periods  of  embryonic  life ;  we  are  led  to  admit  that  both  stenosis  and 
atresia  of  the  pulmonary  artery  are  malformations  of  developmental 
origin,  and  are  merely  intensified  or  modified  by  subsequent  inflam- 
mations which  make  their  appearance  sooner  or  later. 

After  the  author  has  discussed  the  various  points  which  occurred 
to  him,  he  endeavours  to  find  an  explanation  in  a  theory  of  abnormal 
division  of  the  bulbus  arteriosus.  It  is  in  no  way  improbable,  in  his 
opinion,  that>  just  as  certain  anomalies  in  division  lead  to  an  ab- 
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normal  arrangement  of  the  vascolar  trunks,  so  anomalies  may  occur 
of  such  a  nature  as  to  cause  an  abnormal  relationship  of  size  between 
the  two  resulting  vessels ;  whence  we  get  irregularitj  either  of  the 
arrangement  of  the  vessels,  or  of  their  size,  or  of  both. 

But,  beside  stenoses  of  all  degrees,  atresia  of  the  pulmonary 
artery  is  also  ascribed  to  the  same  cause,  and  therefore  considered  to 
be  due  to  irregular  development.  Atresia  occurs  whenever  the  devi- 
ation of  the  septum  of  the  bulb  from  the  normal  arrangement  is  so 
considerable  that  the  septum  (whose  convexity  is  directed  towards 
the  pulmonary  artery)  becomes  actually  applied  to  the  wall  of  that 
vessel  and  fuses  with  it  as  far  down  as  its  mouth.  In  addition  many 
stenoses  might  result  in  complete  imperforation,  or  atresia. 

As  regards  the  cause  of  this  incomplete  division  the  author  agrees 
with  Peacock,  .whose  view  is  that  the  abnormal  narrowness  of  the 
pulmonary  arterial  trunk  is  due  to  imperfect  development  of  the  fifth 
branchial  arcL 
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ATROPHY  OF  RIGHT  HEMISPHERE  OF  CEREBRITM, 
LEFT  SIDE  OF  CEREBELLUM,  AND  LEFT  HALF  OF 
BODY.  By  E.  Fobster  Brockman,  Professor  of  Physiology 
and  Diseases  of  Eye,  Medical  College,  Madras. 

The  following  notes  were  made  from  the*T>rain  taken  from  the  bodj 
of  a  native  female,  which  was  brought  to  the  dissecting-room  of  the 
Madras  Medical  College  in  October,  1870.  They  may  be  of  interest 
in  comparison  with  a  similar  case  recorded  by  Dr  Howden  in  this 
Journal,  ix.  p.  288.  No  history  could  be  obtained  of  the  anteoedenta 
of  the  person.  The  peculiarities  noticed  in  the  brain  were  the  small 
size  of  the  right  cerebral  hemisphere,  which  was  about  one-half  the  size 
of  the  left  hemisphere,  due  to  the  atrophy  of  its  component  convolu- 
tions j  so  that  both  its  antero-posterior  and  transverse  diameters  were 
materially  diminished.  The  right  cms  cerebri,  corpus  albicans  and 
optic  nerve  were  also  much  reduced  in  size.  The  corresponding  ports 
on  the  left  side  appeared  to  be  natural.  The  lefb  cerebellar  hemisphere 
was  found  to  be  much  smaller  than  the  right.  No  farther  dissection 
was  made  of  the  brain,  which  is  now  preserved  in  the  Museum  of 
the  Medical  CoUege. 

The  following  are  the  dimensions  of  the  skull : — 

Externally: — ^Oocipito-frontal  diameter  ...  61  inches. 

OcdLpito-mental       „  ...  8  „ 

Transverse-parietal  „  ...  4i         „ 

Vertex  to  Basisphenoid  ...  5  „ 

Internally: — ^Widest  transverse  diameter  be- 
tween squamous  portions  of 
temporal  bone       ...  ...    4|    inchea 

Widest  antero-posterior  diameter   5  A      » 

Oblique  from  right  frontal  to  left 

occipital  ...  ...    5         „ 

Oblique  from  left  ditto  to  right 

ditto  ...  ...    dfl     f, 

Peculiarities  are  also  noticeable  in  the  bony  skeleton. 

MaanUce: — Both  in  the  upper  and  lower  jaws  as  fiar  as  the 
median  line  the  teeth  were  absent.  To  the  left  of  the  median  line  in 
the  upper  maxilla  are  to  be  seen  alveolar  spaces  for  nine  teeth,  cor- 
responding to  a  similar  number  of  markings  in  the  lower  jaw  on  the 
same  side.  No  distinct  indications  of  the  lodgment  of  teeth  at  any 
prior  period  were  present.  The  bones  were  much  smaller  and  atro- 
phied on  the  left  side  j  and  the  same  was  the  case  with  the  tongue. 

Calvaria : — The  bones  were  more  bulky ;  both  internal  and  ex- 
ternal layers  and  the  diplo^  being  much  developed  at  those  parts 
where  the  contained  nervous  stnictures  were  atrophied. 
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Thorax: — The  right  chest  was  nearly  twice  as  capacious  as  the 
left,  the  left  lung  being  considerably  smaller  than  the  right  The 
ribs  on  the  right  side  were  more  bulky  and  more  developed  than 
those  on  the  left  side.  The  vertebral  oolamn  was  bent  antero-pos* 
teriorly,  as  well  as  laterally,  on  the  left  side. 

Abdomen: — ^The  liver  was  more  bulky  antero-posteriorly  than 
laterally.     The  other  organs  were  normal  in  appearance. 

Pdvia : — ^The  left  Os  Innominatum  was  smaller,  and  more  fragile 
than  the  right^  being  somewhat  distorted,  perhaps  by  the  superincum- 
bent weight. 

Extremitiea : — ^The  bones  throughout  the  upper  and  lower  ex- 
tremities of  the  left  side  were  more  delicate  and  less  developed  than 
those  of  the  right.  The  length  of  the  bones  on  both  sides  was  the 
same,  the  difference  being  chiefly  noticeable  in  their  bulk* 

It  will  be  observed  that  throughout  the  body  generally,  with  the 
exception  of  the  bones  of  the  face,  the  deficiency  in  nutrition  was 
apparent  on  the  left  side ;  the  atrophic  condition  of  the  '  brain  proper' 
having  been  on  the  right  side. 
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JSrUwicklungsgeschichte  des  Menscken  und  der  ffoheren  Thiere,     Von 
Albert   Kollikeb.     Zweite  Auflage.     £rate  Halite,   Leipzig, 

1876.     • 

Since  the  appearance  of  the  first  edition  of  Prof.  KoULker's  work  the 
ecience  of  Embryology  has  been  progressing  with  unparalleled  rapidity. 
The  increase  in  our  knowledge  of  it  has  been  so  great  that  the 
necessary  alterations  introduc^  into  the  present  edition  are  suffi- 
ciently numerous  and  important  to  give  to  it  the  character  of  an 
entirely  new  treatise.  In  accordance  with  the  plan  of  the  earlier 
edition  the*  development  of  Birds  and  Mammals  alone  is  dealt 
with,  but  the  work  is  now  divided  into  two  parts,  of  which  the  first 
only  has  as  yet  appeared.  This  contains  an  account  of  the  formation 
of  the  layers,  a  general  summary  of  the  development  of  the  body,  and 
a  fiill  description  of  the  embryonic  membranes.  The  development  of 
the  individual  organs  will  be  dealt  with  in  the  second  part. 

Kegarding  the  work  as  a  whole  we  have  no  hesitation  in  saying 
that  it  contains  the  most  complete  and  clearest  description  which  has 
yet  been  given  of  the  early  development  of  the  Bird  and  MammsL 
It  is  copiously  illustrated  by  over  two  hundred  beautifully  executed 
woodcuts,  the  majority  of  them  original,  which  have  been  admirably 
selected  to  illustrate  the  more  important  points  described  in  the 
text. 

The  introduction  contains  an  account  of  the  general  scope  of 
embryology,  and  a  brief  but  fairly  appreciative  history  of  the  science. 
It  concludes  with  a  list  of  two  hundred  and  sixty-four  monographs 
and  papers  referred  to  in  the  text.  This  list  comprises,  in  addition 
to  numerous  papers  on  invertebrates,  a  tolerably  complete  enumera- 
tion of  the  more  important  publications  on  vertebrate  embryology. 

The  descriptive  part  of  the  work  commences  with  an  account  of 
the  ovarian  ovum  in  different  groups  of  animals.  The  types  upon 
which  the  greatest  stress  is  laid  are,  in  accordance  with  the  general 
scope,  those  of  the  Mammal  and  Bird,  both  of  which  are  fairly 
described.  The  remainder  of  the  section  is  however  very  meagre, 
and  we  cannot  regard  the  author's  classification  of  ova  into  simpU 
and  compound  as  in  any  way  a  satisfactory  or  even  accurate  repre- 
sentation of  our  present  knowledge  on  this  subject.  Following  the 
description  of  the  ovarian  ovum  is  a  section  dealing  with  segmen- 
tation.' This  section  though  very  insufficient  in  so  far  as  it  treats  of 
the  general  aspects  of  the  subject,  nevertheless  contains  the  fullest 
account  which  has  yet  appeared  of  the  segmentation  of  the  Avian 
ovum  fully  illustrated  by  numerous  original  drawings. 

Prof.  Kolliker,  in  the  course  of  his  description,  succeeds  in  showing 
that  the  earliest  formed  segments  of  the  Avian  blastoderm  do  not 
mark  out  the  limits  of  the  germinal  disc,  but  that  fresh  segments  are 
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oontinTiallj  appearing  in  the  previously  unsegmented  part  of  the 
ovnm  which  adjoins  the  already  formed  segments.  He  oonfirms 
Gotte's  statements  as  to  the  manner  in  which,  during  the  later  stages 
of  segmeutation,  fresh  segments  are  formed  hy  a  peculiar  process  of 
budding  from  the  surrounding  yolk,  though  he  believes  that  they  are 
derived,  not  as  Gotte  has  stated,  from  the  white  yolk,  but  from  the 
germinal  disc  (Bildungsdotter).  Prof.  Kolliker  admits  however  that 
there  is  no  sharp  line  to  be  drawn  between  the  white  yolk  and  germi- 
nal disc,  and  expressly  states  that  what  is  spoken  of  as  the  germinal 
disc  does  not  exist  as  such  in  the  unimpregnated  ovum,  but  becomes 
formed  in  the  course  of  development.  The  observations  recorded  by 
Prof.  Kolliker  on  the  segmentation  of  the  Bird's  ovum  appear  to 
us  distinctly  to  tend  towards  the  removal  of  the  hard  and  fast  line 
which  has  been  usually  supposed  to  separate  holoblastic  and  meso- 
blastic  ova. 

The  description  of  the  segmentation  is  followed  by  an  account  of 
the  foi-mation  of  the  layers  and  the  general  evolution  of  the  organs  in 
the  Fowl. 

This  well-worn,  but  in  parts  very  difficult  subject,  has  been  con- 
scientiously and  carefully  worked  over  again  by  the  Author,  and  he 
has  been  able  not  only  to  give  a  very  fresh  and  clear  description  of 
the  whole  series  of  events,  but  to  clear  up  a  number  of  disputed 
points  and  to  biing  to  light  several  entirely  new  facts. 

At  the  close  of  segmentation  he  finds  that  the  Avian  blastoderm 
is  composed  of  two  continuous  layers,  the  epiblast  and  the  hypoblast, 
but  that  there  is  present  no  trace  of  a  third  layer.  At  the  edge  of 
the  area  pellucida  the  hypoblast  becomes  very  much  thickened,  and 
forms  the  so-called  ^'germinal  wall."  At  about  the  sixth  hour  of 
incubation  there  appears  in  the  area  pellucida  a  slight  opacity  usually 
known  as  the  germinal  streak,  but  which  is  rightly  interpreted  by 
Prof.  Kolliker  as  the  commencing  mesoblast.  First  appearing  as 
a  linear  mass,  the  mesoblast  rapidly  gi'ows  out  in  all  directions,  and  in* 
terposes  itself  as  a  thick  layer  between  the  epiblast  and  hypoblast. 

Up  to  this  point  Professor  Kolliker's  observations  on  the  forma- 
tion of  the  mesoblast  appear  to  us  quite  conclusive:  we  further 
think  that  there  can  be  no  question  whatever  that  in  the  primi- 
tive streak  a  fusion  takes  place  between  the  epiblast  and  the 
mesoblast.  Professor  Kolliker  goes  further  than  this,  and  asserts  that 
the  appearance  of  fusion  between  the  two  layers  is  due  to  a  prolifera- 
tion of  mesoblast  cells  from  the  epiblast,  and  that  the  mesoblast  is 
accordingly  entirely  derived  from  the  epiblast.  We  cannot  accept  this 
conclusion  as  proved.  In  the  earliest  representation  (fig.  32)  which 
Prof  Kolliker  gives  of  the  developing  mesoblast,  it  already  forms  a 
mass  of  a  very  considerable  size  and  quite  free  at  its  two  sides. 
There  is  nothing  in  the  figure  to  prove  that  the  mesoblast  may  not 
have  been  formed  of  lower  layer  cells,  and  afterwards  have  become 
fused  with  the  epiblast,  and  this  possibility  must  not  be  rejected  so 
long  as  earlier  stages  than  the  one  figured  remain  unknown.  We 
grant  that  Prof  Kolliker's  interpretation  of  the  fusion  in  the  pri-  . 
mitive  streak  is  the  most  natural  so  long  as  no  better  explanation  is 
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given  of  it;  but  we  beliere  tliat  a  more  s&HsSaictary  expIanalioB  d 
it  can  be  offered,  which  we  shall  mention  alter  speakiTig  oC  ka 
observations  on  the  primitive  groove,  and  its  relation  to  the  meiy- 
lary  groove. 

To  his  observations  on  these  points  we  now  pass. 

The  appearance  of  the  primitive  groove  and  its   rel&tion  to  tie 
medullary  groove  is  worked  out  in  great  detail :  bat  we  h&ve  not  span 
to  do  more  than  summarize  the  results  arrived  at.     The    meduUaiy 
groove  arises  independently  and  in  front  of  the  primitive  groove, 
and  it  is  stated  that  in  most  though  not  all  cases,  as  Grotte  lias  aJrcadr 
insisted,  the  piimitive  groove  is  unsymmetrically  situated  ^with  refer> 
ence  to  the  medullary  groove.     In  treating  of  the  exact   i^elatioin  of 
the  primitive  groove  to  the  formation  of  the  embryo  Pro£  Kc^Jiker 
gives  it  as  his  view,  that  though  the  head  of  the  embryo  is  formed 
independently  of  the  primitive  groove,  and  only  secondanlj*  uoiteb 
with   this,  yet  that  the  remainder  of  the   body  is  without    docbt 
derived  from  the  primitive  groove.  -  With  this  conclusion  ^re  canned 
agree,  and  the  very  descriptions  of  Professor  Kolliker  appear  to  us 
to  demonstrate  the  untenable  nature  of  his  results.     We  believe  Omt 
the  front  end  of  the  primitive  groove  at  first  occupies  the  position 
eventually  filled  by  about  the  third  pair  of  protovertebi*©,  bat  that  as 
the  protovertebrse  are  successively  formed,  and  the  body  of  the  embfyo 
grows  in  length,  the  primitive  groove  is  carried  further  and  fiirdier 
back  so  as  always  to  be  situated  immediately  behind  the  euibiya 
As  Prof  Kolliker  himself  has  shown,  it  may  still  be  seen  in  tlas 
position  eveu  later  than  the  fortieth  hour  of  incubation. 

Throughout  the  whole  period  of  its  existence  it  retains  a  character 
which  at  once  distinguishes  it  in  sections  from  the  medullary  groove. 

Beneath  it  the  epiblast  and  mesoblast  are  always  fiised,  thougii 
they  are  always  separate  elsewhere:  this  fact,  which  was  originally 
shewn  by  ourselves,  has  been  very  clearly  brought  out  hj  Pro£ 
Kolliker*s  observations. 

The  features  of  the  primitive  groove  which  throw  special  light  on 
its  meaning  are  the  following: 

1)  It  does  not  enter  directly  into  the  formation  of  the  embiyou 

|2)  The  epiblast  and  mesoblast  always  become  fused  beneath  it. 
3)  It  is  situated  immediately  behind  the  embryo. 

Professor  Kolliker  does  not  enter  into  any  speculations  as  to  the 
meaning  of  the  primitive  groove,  but  the  above-mentioned  facts  appear 
to  us  clearly  to  prove  that  the  primitive  groove  is  a  rudimentary 
structure  the  origin  of  which  can  only  be  completely  elucidated  by  a 
knowledge  of  the  development  of  the  Avian  ancestors. 

In  comparing  the  blastoderm  of  a  bird  with  that  of  any  anam- 
niotic  vei'tebrate  we  are  met  at  the  threshold  of  our  investiga- 
tions by  a  remarkable  diffei-ence  between  the  two.  Whereas  iu 
all  the  lower  vertebrates  the  embryo  is  situated  at  the  ed^ 
of  the  blastoderm,  it  is  in  Birds  and  Mammals  situated  in  the 
centre.  This  difiference  of  position  at  once  suggests  the  view  that  the 
primitive  groove  may  be  in  some  way  connected  with  the  change  of 
]K>sitiou  in  the  blastoderm  which  the  ancestors  of  Birds  must  have 
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undei'gone.  If  we  caiTj  our  mvestigatioDB  ainongst  the  lower  verte- 
brates a  little  further,  we  find  that  the  Elasmobranch  embryo  occupies 
at  first  the  normal  position  at  the  edge  of  tbe  blastoderm,  but  that  in 
the  course  of  development  the  blastoderm  grows  round  the  yolk  far 
more  slowly  in  the  region  of  the  embryo  than  elsewhere.  Owing  to 
this  the  embryo  becomes  left  in  a  bay,  the  two  sides  of  which  even- 
tually meet,  and  coalesce  in  a  linear  fashion  immediately  behind  the 
embryo;  thus  removing  the  embryo  from  the  edge  of  the  blastoderm, 
and  forming  behind  it  a  linear  streak  not  unlike  the  piimitive 
streak.  We  would  suggest  the  hypothesis  that  the  primitive  groove  is 
a  rudiilaent  which  gives  the  last  indication  of  a  change  made  by  the 
Avian  ancestors  in  their  position  in  the  blastoderm,  like  that  made 
by  Elasmobranch  embryos  when  removed  fix>m  the  edge  of  the  blas- 
toderm and  placed  in  a  central  situation  similar  to  that  of  the  embryo 
Bird.  On  this  hypothesis  the  situation  of  the  piimitive  groove  imme- 
diately behind  the  embryo,  as  well  as  the  fact  of  its  not  becoming  con- 
verted into  any  embryonic  organ,  would  be  explained.  The  central 
groove  might  probably  also  be  viewed  as  the  groove  naturally  left 
between  the  coalescing  edges  of  the  blastoderm.  Would  the  fusion 
of  epiblast  and  mesoblast  also  receive  its  explanation  dh  this  hypo- 
theids?  We  are  of  opinion  that  it  would.  At  the  edge  of  the 
blastoderm,  which  repi*esents  the  blastopore  mouth  of  Amphioxus, 
all  the  layers  become  fused  together  in  the  anamniotic  vertebrates. 
So  that,  if  the  primitive  groove  is  in  reality  a  rudiment  of  the 
coalesced  edges  of  the  blastoderm,  we  might  naturally  expect  the 
layers  to  be  fused  there;  and  the  difficulty  presented  by  the  present 
condition  of  the  piimitive  groove  would  rather  be  that  the  hypoblast 
is  not  fused  with  the  other  layers  than  that  the  mesoblast  is  indis- 
solubly  united  with  the  epiblast.  The  fact  that  the  hypoblast  is 
not  fused  with  the  other  layers  does  not  appear  to  us  to  be  fatal  to 
our  hypothesis,  and  in  Mammalia  where  the  primitive  and  medullary 
grooves  present  precisely  the  same  relations  as  in  Biixls,  all  three 
layers  are,  according  to  Hensen's  account,  fused  together.  This  how- 
ever is  denied  by  Kolliker,  who  states  that  in  Mammals,  as  in  Birds, 
only  the  epiblast  and  mesoblast  fuse  together.  Our  hypothesis  as  to 
the  origin  of  the  primitive  groove  appears  to  explain  in  a  fairly  satis- 
factory manner  all  the  peculiarities  of  this  very  enigmatical  organ ;  it 
also  relieves  us  from  tke  necessity  of  accepting  Professor  Kolliker's 
explanation  of  the  development  of  the  mesoblast,  though  it  does  not 
of  course  i-ender  that  explanation  iu  any  way  luitenable. 

The  remainder  of  the  section  of  Professor  Kolliker's  work  de- 
voted to  Avian  development,  deals  with  the  general  features  and 
first  formation  of  the  organs  which  appear  during  the  first  three  days 
of  incubation. 

The  original  drawings,  both  of  the  embryo  as  a  whole  in  its 
various  stages  and  of  separate  sections  of  it  which  fill  this  part 
of  the  work,  cannot  be  praised  too  much.  The  desciiption  ituelf, 
like  that  in  all  other  parts  of  the  work,  is  eutii*ely  original,  and 
though  we  can  scarcely  ex])ect  a  great  number  of  new  facts  in  a  sub- 
ject which   has   boon   so   much   worked  at  already,   yet  Professor 
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KoUiker  has  suooeeded  in  adding  not  a  little  to  oar  knowledge  of  the 
development  during  this  period. 

An  important  section  on  the  &te  of  the  peripheral  thickening  of 
the  hypoblast  deserves  special  notice.  The  subject  is  one  on  which 
Prof  Kolliker  and  his  pupil  Dr  Yirchow  hare  recently  made  special 
researches.  According  to  their  statements  the  thickened  edge  of  the 
hjrpoblast  (germinal  -wall)  visible  at  the  commencement  of  incubalion, 
becomes  converted  into  Uie  well-known  but  pectdiar  structure  w^hich 
underlies  the  vascular  area,  which  they  consider  to  be  formed  of 
hypoblast  cells,  but  which  has  usually  been  r^arded  as  part  of  the 
wlute  yolk.  They  state  that  this  eventually  becomes  converted  into  a 
columnar  epithelium  investing  the  yolk-sac. 

Their  views  have  much  to  recommend  them  on  iL  priori  grounds; 
but  recent  observations  of  Professor  His  throw  considerable  doubt 
upon  them. 

Professor  His  attempts  to  show  that  the  original  peripheral  thick- 
ening of  the  hypoblast  does  not  become  converted  into  the  substance 
underlying  the  vascular  area,  and  that  the  older  views  which  regard 
this  latter  as  part  of  the  white  yolk  are  correct  He  speaks  of  it  as 
made  up  of  a  protoplasmic  network  with  imbedded  spheres  of  white 
yolk,  and  states  that  there  appear  in  it  a  number  of  cells,  some  of 
which  enter  the  vascular  system,  while  the  remainder  become  con- 
verted into  the  hypoblastic  epithelium  investing  the  yolk-sac 

The  manner  in  which  cells  are  described  as  being  formed  in  the 
subgerminal  matter  is  closely  paralleled  in  eggs  of  Osseous  Fish  and 
Elasmobranchii,  and  a  strong  support  is  thereby  given  to  Professor 
His'  statements. 

Further  observations  are  much  needed  to  enable  us  to  arrive  at  a 
definite  conclusion  on  the  nature  of  the  subgerminal  substance. 

From  amongst  the  observations  of  Professor  Kolliker  upon  sepa- 
rate organs,  we  select  those  upon  the  heart  and  allantois  as  being  of 
especial  importance. 

The  heart  is  shown  to  arise  as  two  cavities,  one  on  each  side, 
between  the  splanchnic  layer  of  the  mesoblast  and  the  hypoblast^ 
which  are  at  first  more  independent  than  was  imagined  even  by  Yon 
Baer. 

The  observations  recorded  on  the  allantois  confirm  and  enlarge 
the  accounts  of  Dobrynin,  Crasser,  and  others,  which  prove  that  the 
allantois  is  primitively  the  terminal  dilatation  of  the  alimentary  tract. 
The  most  interesting  new  fact  which  Prof.  Kolliker  has  brought  to 
light  is  the  existence  in  the  chick  of  segmental  involutions  to  form  the 
Wolffian  bodies  similar  to  those  which  exist  in  £lasmobranchs  and 
Amphibians.  Of  these  he  gives  a  figure,  without^  however,  entering 
into  any  great  detail  with  reference  to  them.  A  fuller  account  of 
them  will,  we  hope,  appear  in  the  second  part  of  his  book.  He  iden- 
tifies the  segmental  tubes  with  the  oigan  already,  though  erroneously, 
described  by  Bomiti  as  giving  rise  to  the  Wolffian  duct. 

The  early  Mammalian  development,  more  especially  that  of  the 
Babbit,  is  dealt  with  in  this  volume  in  the  same  fashion  as  that  of  the 
Bird. 
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No  original  account  is  given  of  the  very  first  stages  of  deve- 
lopment, but  the  description  commences  at  a  period  when  the  ovum 
forms  a  tbin-walled  vesicle :  the  wall  of  one  hemisphere  of  it  being 
formed  of  two  layers  of  cells,  and  that  of  the  remainder  of  a  single 
layer.  At  the  pole  of  the  hemisphere  with  two  layers  is  situated  the 
germinal  area,  formed  entirely  by  a  thickening  of  the  outer  layer  or 
epiblast.  Professor  KoUiker  points  out  that  the  germinal  area  is  not 
to  be  confounded  with  the  mass  of  yolk-cells,  from  which  the  inner 
or  hypoblastic  layer  of  the  vesicle  is  derived ;  which  occupies,  though 
at  an  earlier  period,  the  same  position  as  the  germinal  area. 

The  descriptions  of  Professor  Kolliker  show  that  Mammals  agree 
closely  with  Birds  in  the  development  of  the  mesoblast,  the  formation 
of  the  primitive  streak,  the  primitive  groove,  and  the  medullary 
groove ;  and  the  observations  recorded  differ  but  slightly  from  those 
recently  published  by  Professor  Hensen.  The  remai*ks  we  have 
already  made  with  reference  to  the  foimation  of  the  mesoblast  and 
the  primitive  groove  apply  as  completely  to  Mammals  as  to  Birds. 

Of  the  organs  dealt  with  in  the  latter  part  of  the  Mammalian 
section,  the  notochord  and  the  heart  appear  to  us  to  deserve  special 
notice. 

With  reference  to  the  development  of  the  notochord  the  observa- 
tions recorded  by  the  Author  are  of  great  interest. 

Professor  Hensen  has  recently  stated  that  in  Mammalia  the  noto- 
chord is  derived  from  the  hypoblast.  This  conclusion  Professor 
Kolliker  opposes,  though  without  attempting  to  deny  the  correctness  of 
the  observations  upon  which  Professor  Hensen's  statements  are  founded. 
On  the  other  hand,  Professor  Kolliker  shows,  in  a  fairly  satisfactory 
manner,  that  the  notochord  is  continuous  with  the  mass  of  cells 
which  forms  the  primitive  streak;  and,  since  this  is  mainly  meso- 
blastic,  he  concludes  that  the  notochord  must  be  regarded  as  meso- 
blastic  also.  This  conclusion  does  not,  however,  follow,  if  the  view 
of  the  primitive  streak  which  we  have  propounded  above  be  accepted. 
If  the  primitive  streak  really  represents  the  original  edge  of  the 
blastoderm,  where  all  the  layers  fuse  together,  the  fact  that  the  noto- 
chord there  becomes  continuous  with  the  mesoblast  presents  no  insu- 
perable difficulty  to  the  view  which  regards  it  as  split  off  from  the 
hypoblast  throughout  the  region  of  the  body. 

The  observations  of  Kolliker  and  Hensen,  though  apparently 
leading  to  contradictory  results,  can,  we  think,  be  reconciled  on  our 
view  of  the  nature  of  the  primitive  streak;  and  we  are  inclined  to 
believe  that  the  notochord  has  in  Mammalia,  as  in  Elasmobranchs, 
an  hypoblastic  origin ;  though  posteriorly  it  becomes  continuous  with 
the  primitive  streak,  which  is  no  doubt  mainly  formed  of  mesoblaatic 
cells. 

With  reference  to  the  development  of  the  heart  Professor  Kolli- 
ker's  observations  are  very  complete.  He  shows  that  the  heart  is 
formed  by  the  coalescence  of  two  independent  tubes,  which  arise  far 
apart,  as  splits  between  the  hypoblast  and  the  mesoblast  of  the 
splanchnopleure,  and  in  which  there  is  present  a  delicate  endothelial 
lining.     The  primitive  wide  separation  and  complete  independence  of 
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the  two  IiAlTes  of  the  heart  is  certainly  Borpriraiig,  but  ve  are  in- 
clined, provisionally  at  least,  to  t^ard  it  as  a  secoudaiy  oonditioa 
due  to  the  late  period  at  which  closing  of  the  throat  takes  place  in 
MatninalB. 

The  description  of  the  development  of  the  rabbit  ia  followed  by  a 
complete  account  of  what  is  known  of  the  early  development  of  the 
human  ovum:  and  the  succeeding  section  contains  a  desctiptdcHi  of 
the  development  uf  the  embryonic  membranes  and  fcetal  appendages 
in  Mammalia.  This  section  is  less  well  illustrated  tb&a  tiie  re- 
maiDiier,  and  appears  to  us  also  to  display  a  &lli&g-off  in  clearoess 
aa  compared  with  the  earlier  part  of  the  work. 

The  volume  concludes  with  some  general  remarks  on  ntodem 
development  theories.  The  drift  of  these  is  in  opposition  to  the 
theory  of  descent.  On  this  question  we  find  oarselves  completely 
opposed  to  Professor  KiiJIiker,  every  page  of  whose  book  appeim  to 
uff  to  t«em  with  arguments  in  favour  of  the  theory  which  he  rejects: 
at  the  same  time,  some  of  the  criticisms  contained  in  the  concluding 
section  of  the  work  are  perfectly  just  and  &ir. 

The  work  aa  a  whole  will  be  found  indispensable  to  all  stn- 
dents  of  embryol<^ ;  and  from  its  admirable  clearness  and  nomerouj 
iltuBtrafions,  is  wdl  suited  to  form  a  text-book  for  learners. 

F.   M.   BALFOUR, 

Trinitjf  Colltge,  Cawiridge. 


methodik:  der  physiologisohes  expertmente 

UND  VIVISECnONEN.    Von  E.  Cyon.     mit  Alias.  Gu»- 
aen,  J.  Bicker.     St  FeteraWrg,  Carl  Richer,  1876. 

Every  practical  physiologist  must  feel  deeply  indebted  to  ProC 
Cyon,  of  St  Petersburg,  for  this  most  excellent  and  by  far  the  beet 
treatise  on  physiological  methods  which  has  yet  appeared.  The  text 
is  accompanied  by  a  magnificent  Atlas,  containing  fifty-four  platee^  of 
which  mora  than  the  half  are  quite  new.  Special  attention  haa  been 
given  to  the  anatomy  of  the  dog,  rabbit  and  frog,  as  far  as  is  required 
for  the  purposes  of  the  physiologist.  The  methods  for  chemico- 
physiological  investigations  have  been  entirely  omitted,  aa  they  are 
sufficiently  treated  of  iu  books  specially  devoted  to  that  subject. 

This  book  is  a  great  oontrast  to  anything  that  has  yet  appeared 
upon  this  subject,  not  only  in  point  of  compi-ehensiveusss  and  in 
minutoneas  of  detail,  but  oa  account  of  its  accuracy  and  the  evident 
care  which  lias  been  token  that  the  description  of  any  experiment 
shEtll  not  have  been  merely  transcribed,  aa  is  too  often  the  case,  but 
tlie  author  seems  to  have  employed  most  of  the  methods  himself,  and 
describes  tliem  with  such  miniitencss  an  can  only  be  ac4juired  from  a 
thoroughly  pi'actical  acquaintimce  with  the  auliject.    Every  detail  in 
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the  process  of  experimenting  is  carefully  considered,  how  difficulties 
are  to  be  overcome  is  indicated,  what  parts  are  to  be  avoided  and 
what  divided,  are  all  pointed  out  in  a  masterly  manner. 

The  first  chapter  is  occupied  with  some  general  rules  concerning 
experimentation.  The  object  of  physiological  experiments  is  indi- 
cated, a  short  sketch  of  the  graphic  method  is  given,  and  the  question 
of  vivisection  is  touched  upon,  and  the  author  is  most  particular  in 
inculcating  the  use  of  anaesthetics  where  such  a  procedure  is  per- 
missibla 

A  special  chapter  is  devoted  to  the  methods  for  keeping  up 
artificial  respiration. 

The  second  chapter  treats  of  Haemodynamics.  Special  experi* 
ments  on  the  passage  of  fluids  through  tubes  for  class  demonstrations 
are  given.  Thus  Ludwig^s  arrangement  for  showing  the  difference  of 
pressure  at  different  points  of  a  tube  of  uniform  diameter  deserves 
special  notice.  By  slight  modifications  of  this  apparatus,  all  of  whi^h 
are  figured,  the  chief  factors  concerned  in  the  moven^nts  of  fluids 
can  be  demonstrated.  These  factors  are  the  pressure  exerted  upon 
the  moving  fluid,  the  rapidity  with  which  it  flows  out,  the  resistance 
which  it  has  to  overcome,  and  the  force  setting  the  fluid  in 
motion.  The  changes  in  form  and  place  of  the  heart  and  the  effect 
of  temperature  on  it  are  then  discussed.  A  special  chapter  is  de- 
voted to  the  means  of  measuring  the  blood-pressure,  the  various  forms 
of  manometers,  and  the  method  of  using  them  as  well  as  of  testing 
their  accuracy,  are  treated  very  fully.  Then  follow  chapters  on 
Manometers  for  th^  frog^s  heart:  the  methods  of  measuring  the 
rapidity  of  the  motion  of  the  blood ;  of  observing  the  pulse :  experi- 
ments on  the  cardiac  ganglia,  to  which  is  added  a  very  usefal  table 
on  the  poisons  which  act  on  the  heart,  their  dose,  seat  and  duration 
of  action.  The  classic  experiments  on  the  cardiac  nerves,  viz.  the 
Vagus,  Accelerans  and  Depressor,  are  described  very  fully.  The  details 
for  the  exposure  of  each  of  these  are  described  step  by  step,  there 
being  also  special  dissections  given.  Experiments  on  the  vasomotor 
nerves  and  on  the  reflex  action  of  sensoiy  nerves  on  them,  observa- 
tions on  the  action  of  vaso-dilator  nerves,  and  methods  of  observing 
the  influence  of  the  respiration  on  the  circulation,  close  this  chapter. 
The  third  chapter  is  devoted  to  the  consideration  of  Respiration.  In 
the  fourth,  experiments  on  secretion  and  excretion  are  given,  in- 
cluding those  on  the  secretion  of  saliva,  iirine  and  lymph ;  and  the 
formation  of  gastric,  intestinal,  pancreatic  and  biliary  fistulce.  Two 
chapters  are  devoted  to  the  general  physiology  of  nerve  and  muscle : 
the  apparatus  in  most  common  use  being  all  fully  described  and 
figured,  including  the  elements  and  arrangement  of  batteries,  commu- 
tators, rheochord,  rheostat,  multiplicator,  bussole;  the  measurement 
of  electromotor  forces  by  means  of  the  compensator  ;  various  forms  of 
induction  apparatus;  and  how  these  last  ai-e  to  be  graduated.  Next 
follows  the  arrangement  of  experiments  for  observing  the  electromotor 
force  of  nerve  and  muscle,  electrotonous  and  the  negative  variation  : 
for  the  stimulation  of  nerve  and  muscle  and  testing  their  irritability: 
for  measuring  the  rapidity  of  transmission  of  excitement  along  a  nerve, 
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a  specially  good  figure  of  Fick's  pendulum  myogi'aph  being  given. 
We  miss,  howeyer,  in  the  figure  the  semicircular  arc  to  which  the 
apparatus  for  giving  a  greater  or  less  swing  to  the  pendulum  is 
attached.  The  general  physiology  of  nerve  and  muscle  is  specially 
well  done,  and  the  difficult  methods  of  du  Bois,  Helmholtz  and  Weber 
are  for  the  first  time  collected  and  subjected  to  a  critical  examination. 
The  concluding  chapter  is  devoted  to  special  nervous  physiology,  in- 
cluding the  experiments  on  the  brain,  cerebral  nerves,  spinal  cord, 
reflex  movement^  disturbances  of  motion  and  operations  on  the  sym- 
pathetic. 

Specially  useful  is  the  Bibliography  given  at  the  end  of  each 
chapter. 

The  woodcuts  of  the  atlas  embrace  figures  of  all  the  instru- 
ments employed  in  physiological  operations,  Ludwig's  method  of 
injecting  under  continuous  pressure  being  figured.  A  splendid  wood- 
out,  showing  all  the  apparatus  as  used  in  the  physiological  labora- 
tory of  Leipzig,  for  obtaining  a  continuous  Kymographic  curve, 
is  given  in  Plate  xiii.  Even  the  latest  experimental  methods  em- 
ployed by  Ludwig*s  scholars  are  all  figured,  including  those  of  Kro- 
necker,  Ceradini,  Luciani,  WoroschilloET,  Bowditch,  Stirling  and  Mosso. 
The  second  part  of  this  book,  embracing  the  methods  of  the  physi- 
ology of  the  sensory  organs  and  psychophysic,  is  promised  in  the 
course  of  this  year.  The  term  Vivisection  employed  in  the  title  of 
this  book  seems  to  be  quite  unnecessary,  appearing  as  it  does  to  us 
that  "Methods  of  Physiological  Experiments"  would  have  been 
amply  sufficient,  and  would  not  have  sounded  so  repulsive  to  over- 
sensitive English  ears.  This  book  is  specially  intended  for  the 
physiologist,  to  whom  the  historical  and  critical  expositions  of  each 
subject  will  be  of  the  highest  value. 
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Cholesterln,  650 

Chouppe,  H.,  emetics,  655 

Circulatory  system,  transformations 
of  pulse- wave,  297 ;  Quinine  on,  654 ; 
reports,  phys.,  204,  635,  anat.  450 


798 


INDEX. 


Clarke,  W.  B.  and  Jackson,  Echinorhi- 

nns  spinosns,  75 
Cleland,  J.,  develop,  of  brain,  457 
Gondurango,  484 
Contraction,  law  of,  604 
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fishes,  377,  517;  report,  anat.,  467 


Engelmann,  J.  W.,  contractility  and 
double  refraction,  651;  conduction 
of  excitation  in  heart,  6i51 
Epiglottis,  taste-goblet^  475 
Epitheliimi,  report,  anat.,  447  • 

Erb,  W.,  reflex  actions  of  tendons,  631 
Ercolani,  G.  B.,  tendinous  tissue,  447 ; 

monstrositas  per  indlusione,  456 
Ewart,  J.  C,  anat  of  lens,  223  ;  abdo- 
minal pores  and  uro-genital  sinus  of 
lamprey,  488 
Exner,  S.,  crossing  of  the  trochleares^ 

204 ;  psychical  processes,  626 
Eye,  jx^culiar  cells  of   cornea,   108; 
anat.  of  lens,   223 ;  reports,  phys., 
204,  633,  anat.,  462,  453 

F. 

Falk,  F.,  digestion  and  absorption  in 
large  intestine,  647 

Fat,  introduction  of,  into  blood,  643 

Feltz,  action  of  bile,  650 

Fiaux,  Dr  L.,  mechanism  of  deglu- 
tition, 647 

Fleischer,  B.,  salicylic  acid  on  mine, 
650 

Fleischl,  E.,  reaction  of  muscles  of 
beetles,  219 ;  laws  of  nervous  exci- 
tation, 633 

Fod,,  P.,  relation  of  blood-  and  lymph- 
vessels  to  juice-canals,  645 

Foster,  M.  and  Dew- Smith,  Upas  antiar 
on  frog*8  heart,  586 ;  effects  of  the 
constant  current  on  the  heart,  735 

Fourni6,  Dr  E.,  phys.  of  cerebro-spinal 
syst.,  626 

Francis,  G.,  spectrum  of  fish-pigment, 
654 

Freusberg,  Dr,  vaso-dilator  nerves,  623 

Fubini,  iufluence  of  light  on  weight  of 
body,  222 

Funke,  O.,  ammonia,  220 

G. 

Galabin,  A.  L.,  transformation  of  pulse* 
wave,  297 

Gegenbanr,  C,  omo-hyoid,  442 ;  struct, 
of  nipples,  454 

Genito-urinaiy  system,  of  vertebrates, 
17,  201,  of  lamprey,  418 ;  sugar  in, 
222 ;  uterus,  movements  of  unim- 
pregnated,  654,  placental  area  in 
oats,  433,  mucous  membrane  of 
non-gravid,  in  Kangaroo,  613 ;  ovi- 
position  of  Amphioxus,  602 ;  rex)orts, 
phys.,  518,  650,  anat.,  463,  464,  466 

Gerbe,  M.  Z.,  cicatricule  in  osseous 
fishes,  455 

Geigens,  Dr,  vaso-dilator  nerves,  628 

Gerlach,  L.,  relation  of  snlphindigo- 
tate  of  soda  to  living  tissues,  657 


INDEX. 


799 


Geselmia,  654 

Goltz,  Taso-dilator  nerves,  628 
Gniber,  W.,  yaiietiea  in  bouesi  440,  in 
muscles,  4^,  in  mnsoolo-cataneons 
neire,  446;  supemnmerary  nipples 
in  a  man,  454 
Grtitzner,  P.,  secretion  of  urine,  650 
Guinea-pig,  development  of,  772 
Gulliver,  Geo.,  sizes  and  shapes,  of  red 
blood-corpuscles,  205,  of  spermato- 
zoa, 453 
Guttmann,  P.,  beat  of  heart,  645 
Gyorgyai,  A.,  peptones,  647 

H. 

Hamack,    E.,   action  of    emetics  on 

striped  muscular  fibres,  652 
HflBmoglobin,  645,  646. 
Heart,  sugar  in,  221;  jaborandi,  187; 

aconitiu,    209;    upas    antiar,  586; 

heat  and  poisons,  602 ;  systole,  494 ; 

structure  of  snail's,  506 
Heger,    P.,    chloral    on    vaso-motor 

nerves,  654 
Heidenhain,  B.,  pancreas,  648 
Henke,  W.,  muscles  of  lips,  443 
Hermann,   D.   L.,  ElevnenU  of  Phy- 

tiology,  trans,  by  Prof.  A.  damgee. 

438 
Hermann,  L.,  electrical    stimulation 

of  cerebrum,  619 ;  hemoglobin,  645 
Hesse,    muscles   of   human   tongue, 

448 
Heynsius,  A.,  compounds  of  albumen, 

blood-serum  and  vhite  of  egg,  642, 

643 
Hirschberg,  J.,  specks  on  cornea  and 

origin    of     squinting,    633;    optic 

chiasma  in  man,  634 
His,  W.,  development  of  bony  fishes, 

457 
Hitzig,  G.,  seat  of  cerebral  fluid,  203 
Hofhnan,  P.,  vesical  calculi,  218 
Hofmann,   Prof.,  Jahresherichte  Hber 

die  Fortschritte  der  Anatomie  und 

Phynologie,  486 
Hoppe-Seyler,  F;,  life's  highest  tem- 
perature, 651 
Hughes,  B.,  freezing  microtome,  615 
Huizinga,  D.,  innervation  of  vessels 

of  web  of  frog's  foot,  626 
Humphry,  Prof.,  on  the  comparison  of 

the  fore  and  hind  Hmbs  in  verte- 
brates, 659 
Huxley,  T.  H.,  oranio-facial  apparatus 

of  Petromyzon,  412 
Hydrobilirubin,  650 

I. 

Inflammation,  traumatic,  of  connective 
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